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ABSTRACT
An h-adaptive two-dimensional finite element algorithm (GWADAFT) is used to 
model groundwater flow and contaminant transport in variably saturated porous media. The 
numerical scheme is coded for execution on any computer that can compile FORTRAN 77 
computer language. This numerical method is applied to models of two nuclear waste 
repository sites.
The computer program used for the analysis of the two repository sites was 
modified for execution on the Cray Y-MP 2/216 supercomputer. Optimization of the code 
was undertaken for maximum efficiency and speed on the Cray Y-MP processor, and 
reduced run times encountered with several of the simulations in this study. Graphical 
subroutines are available for compilation with the GWADAPT source code. The routines 
use the Silicon Graphics (SGI) graphics library (g l)  and is designed to produce video 
images of the transient solution. By using a SGI terminal and inserting distributed graphics 
library (dg 1) commands into the source codes, imaging of the contaminant plume during 
the Cray solution processing was achieved.
The Savannah River Site, Aiken, South Carolina, has been storing high level 
radioactive waste for several decades and has well documented data on the properties of the 
surrounding soil and the level of contamination currently at the site. The computer code 
simulated the first fifteen years of contaminant release from the site in an effort to examine 
the code’s ability to mimic the type of contaminant plume documented at the site today.
A simulation of the proposed Yucca Mountain Repository site is also examined to 
assess the suitability of the site for storing high level radioactive waste. The code should 
prove to be an invaluable aid in assisting performance assessment groups working on the 
proposed site to determine the impact of various scenarios applied to the repository block.
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CHAPTER 1: INTRODUCTION
Mathematical models of groundwater flow have been used since the late 1800’s 
(Darcy, 1856). Advances in technology and knowledge have made our ability to accurately 
model groundwater flow very reliable. It is now more common to examine very complex 
subsurface contaminant flow phenomena using numerical models. Computational models 
of groundwater flow and contamination are now indispensable, predictive tools used for 
site analysis and risk assessment.
Groundwater modeling requires good field data for accurate prediction purpose. 
The study of the Savannah River Site provides an excellent data set from which predictions 
and comparisons can be performed. Based on long term field measurements and 
corroborating analytical studies, useful groundwater and soil data have been collected from 
the Savannah River Site. Utilizing such data sets provides valuable testing and calibration 
of numerical groundwater methods. The ability of a numerical model to accurately recreate 
known groundwater contamination conditions adds weight to the model’s prediction of 
future contamination possibilities.
The study of the Yucca Mountain Repository site is a necessary step toward 
assuring the public of the safest possible nuclear waste disposal solution. Since the 
repository has not yet been built, numerical simulations of possible groundwater transport 
have not been experimentally confirmed to date. Also, models used to simulate the 
repository site typically examine a worst case scenario, i.e. a leaking storage container. The 
data set describing the rock and tuff characteristics and the groundwater behavior through 
the repository site are adequate for a good numerical model, but the data set is not nearly as 
extensive as the Savannah River Site data.
In this study, a highly accurate, numerical model is used to simulate 2-D 
groundwater flow and solute transport in both the Savannah River and Yucca Mountain
l
sites. The model employs a finite element approach to calculate solute transport within 
variably saturated porous media. Mesh adaption is used along with a Petrov-Galerkin 
formulation to reduce numerical errors associated with advection of steep gradients. Thus, 
globally fine meshes are not required to obtain accurate results, allowing reasonably coarse 
meshes to be initially used for analysis. Utilizing initial coarse meshes, the numerical 
scheme adapts the mesh in those regions where additional accuracy is necessary to ensure 
convergence. Benefits include time savings from fewer overall time steps, easier initial 
mesh generation, greater accuracy due to the resolution of steep concentration gradients, 
and computational resource savings of memory and CPU time.
The model used in this research work has been optimized and vectorized for 
performance on the National Supercomputing Center for Energy and the Environment’s 
(NSCEE) Cray Y-MP 2/216 supercomputer. Graphical displays of the results, both post­
processed and run-time, were accomplished through use of the NSCEE’s Silicon Graphics 
workstations.
Purpose
This model was developed to permit more accurate simulations of groundwater 
transport of radionuclides in an effort to assess the suitability of proposed and existing 
waste storage areas. For existing sites the model can be used for remediation modeling and 
as a tool in predicting the time to impact of a spreading contaminant plume. In the case of a 
proposed site this numerical model serves as a valuable tool in assessing the characteristics 
and suitability of the site.
Using reasonably coarse meshes both with and without the grid adaption feature, it 
will be shown that the adaptive element scheme is consistently more effective than 
traditional non-adaptive FEM schemes. The code’s ability to take advantage of minimal 
storage space, minimal model preparation time, and minimal processor taxation will be
3shown to be superior to traditional numerical schemes.
Since GWADAPT is still in development stages it is desireable to compare and 
calibrate model results with existing data or other code results. The results from the 
Savannah River Site simulations can be directly compared to the actual data collected at the 
site in order to assess the model’s ability to mimic the contaminant plume mapped at the F- 
Area Basin. The Yucca Mountain Repository results can likewise be compared to other 
models of contaminant spread in the unsaturated zone since there is a considerable amount 
of work being done assessing the performance of the proposed facility.
The importance and urgency of creating accurate methods and models to predict 
contaminant transport, radionuclides in particular, is illustrated in Table 1. Of all the 
countries listed in Table 1, none have a permanent high level radioactive waste facility, 
though some have began the process of investigating possible locations for such a facility. 
Most, unlike the United States, reprocess their spent fuel. If a permanent facility for the 
disposal of radioactive waste needs to be established in the near future, accurate numerical 
models of proposed sites will be essential.
4Country
Nuclear Contribution 
to Total Electricity, %
Total Nuclear 
Terawatt hours 
Generated in 
19931993 1992
Lithuania 87.2 60.0 12.3
France 77.7 72.9 350.2
Belgium 58.9 59.9 39.5
Slovak Republic 53.6 49.5 11.0
Hungary 43.3 46.4 13.0
Slovenia 43.3 34.6 3.8
Sweden 42.0 43.2 58.9
South Korea 40.3 43.2 55.4
Switzerland 37.9 39.6 22.0
Bulgaria 36.9 32.5 14.0
Spain 36.0 36.4 53.6
Taiwan, China 33.5 35.4 33.0
Ukraine 32.9 25.0 75.2
Finland 32.4 33.2 18.8
Japan 30.9 27.7 246.3
Germany 29.7 30.1 145.0
Czech Republic 29.2 20.7 12.6
United Kingdom 26.3 23.2 79.8
United States 21.2 22.3 610 .3
Canada 17.3 15.2 88.6
Argentina 14.2 19.2 7.2
Russia 12.5 11.8 119.2
Netherlands 5.1 4.9 3.7
South Africa 4.5 6.0 7.2
Mexico 3.0 3.2 3.7
India 1.9 3.3 5.4
Pakistan 0.9 1.2 0.4
Kazakhstan 0.5 0.6 0.4
China 0.3 0.1 2.5
Brazil 0.2 0.7 0.4
In 1993, Lithuania topped France as the country with the largest percentage of 
electricity generated by nuclear, according to figures released by the International 
Atomic Energy Agency’s Power Reactor Information System (PRIS). Table 
extracted from Nuclear News, July 1994.
Table 1 - Nuclear Power Contributions in 1993
5Background
A simple h-adaptive FEM scheme designed to model the transport of radionuclides 
in variably saturated soils was enhanced and modified for optimal execution performance 
on a Cray Y-MP 2/216 supercomputer. Modifications involved vectorizing, inlining, loop 
unrolling and embedded code directives.
Simulating saturated flow in porous media is conceptually less troublesome than 
solving the highly non-linear equations for unsaturated flow. Due to the many relationships 
involved in unsaturated flow, models have to be developed that account for the inter­
connected nature of liquid saturation and the general flow characteristics and parameters of 
the porous media. The FEM scheme modified and applied in this study accounts for porous 
media conductivity changes due to moisture content and pressure head relations.
The code was used to model the transport of a solute at the Savannah River Site and 
at the proposed Yucca Mountain Repository Site. Both sites are of major interest, but for 
different reasons. The Savannah River Site is of interest for purposes of remediation and to 
analyze preventive actions in place and currently under construction. The proposed Yucca 
Mountain Site is analyzed as a means to assess risk and performance characteristics of the 
site prior to actual construction and waste emplacement.
CHAPTER 2: METHODOLOGY
A two-dimensional FEM coupled with mesh adaption has been developed to 
calculate groundwater flow and contaminant transport in variably saturated porous media. 
The algorithm incorporates Petrov-Galerkin weighting for advection term stability. 
Utilizing unstructured mesh adaption, the transport of groundwater contaminants and the 
contaminant concentration profiles can be accurately calculated. The advantages of using 
mesh adaption are exhibited by savings in storage space and reduced computational time, 
including increased accuracy over conventional Finite element techniques that require 
globally fine meshes.
The finite element method (FEM) is used as the basis for numerical implementation. 
Bilinear isoparametric quadrilateral elements are used to discretize a problem domain. 
Coarse mesh generation is initially achieved using PATRAN, a well known commercial 
mesh generation program, and by user manipulation of node points. The standard weak 
formulation of the Galerkin weighted residual technique is employed to cast the governing 
equations into integral form.
Modeling Groundwater Flow
Soil water flows in the direction hydraulic head gradient, i.e. from regions of high 
hydraulic head to low hydraulic head. According to the original form of Darcy’s law the
transfer coefficient k  is a constant under saturated conditions and the flow velocity is given
by
V = - k  Vh
6
7where V is the groundwater Darcy velocity (m/year), k  is the anisotropic conductivity
tensor, and h is the hydraulic head (m.). Hydraulic head is defined as the first two terms 
associated with Bernoulli’s equation, i.e. the position z with respect to a reference datum 
and the pressure head,
h = J L + z
Pg
where g is the gravitational acceleration vector (m/day2), p is the fluid pressure (N /m ) and z 
is the standing fluid height usually measured in meters above sea level. Saturated hydraulic 
conductivity of the medium is related to the permeability of the medium by
where p is the fluid viscosity. The most fundamental property of the porous medium is
intrinsic permeability, K, which is dependent on the medium’s pore space characteristics.
Hydraulic conductivity, k , however is dependent upon the fluid properties p and p. Thus
the inverse relation of fluid viscosity and the porous medium’s conductivity is highlighted. 
Both experimental and theoretical investigations have been preformed to empirically predict 
permeability factors, but generally most known types of soil and rock intrinsic 
permeabilities are established and documented. Hydraulic conductivity decreases as water 
content decreases or as capillary pressure (suction) increases. A generalized Darcy’s law 
proposed by Richards (1931) shows the steady flow through soil as
V = - k ( y )  Vh
where the hydraulic conductivity is a function, y, of either the capillary pressure or the
8water content, implying that the hydraulic conductance used for saturated soils is a 
particular case of the unsaturated parameter (De Backer, 1989).
Capillary pressure, Pc, is defined by the difference between the non-wetting phase 
(air) and the wetting phase (water) in the porous media, Pc = Pa - Pw (Vauclin, 1989). To 
account for variably saturated conditions, GWADAPT makes approximations for hydraulic 
conductivity based on pressure head, W (N/m.). Defining pressure head as a function of 
the difference between the saturated water pressure p and the air pressure pa by
W =
Pg
where air pressure is currently approximated in the code as being equal to atmospheric 
pressure, a common practice. The hydraulic head is then redefined as
h = W + z
and the hydraulic conductivity tensor is modified to reflect the medium’s unsaturated state
K u =  K ( h )  =  k wK
where kw is the relative permeability (m/day) of the medium with respect to saturation and
is a function of pressure head. Hence, Kuis the unsaturated approximation for hydraulic
conductivity (m/day). It is with this new relation for hydraulic head and hydraulic 
conductivity when substituted into Darcy’s law that an approximation for the phreatic 
zone’s fluid velocity profiles are modeled (Verruijt, 1982), see Figure 1. The phreatic 
surface is defined as the locus of points where atmospheric pressure equals the water 
pressure and the phreatic zone is defined from the phreatic surface up to a height of hc, the 
capillary height. The more impermeable the porous media, the greater hc can be, ranging 
from centimeters to meters.
9Groundwater Table 
Phreatic Surface Start
P
Figure 1 - Groundwater Table and Phreatic Surface
The conservation of mass equation for unsteady fluid flow in a porous medium can 
be expressed as;
d (p S w0)
at + V-(pV) = PQ
where Sw is the normalized value of the saturation of water in the porous medium, 0 is the
porosity of the medium, p is the fluid density, Q the source/sink terms (m/day), and t is 
time (day).
In variably saturated porous media, where Sw is less than 1, it is desired to link 
pressure dependence to the transient term of the flow equation.
d s w0  ^ a s w0 aw  
at 0 vjr dt
from this expansion the specific storage parameter as a function of pressure head is 
defined,
s h= s h(y)
By assuming incompressible, isothermal groundwater conditions and combining 
the conservation of mass with the extended Darcy’s law, the equation for unsteady
10
groundwater flow can be written as (Bear, 1979 ; Verruijt, 1982)
Sh-|^ - = V ( k  Vh) + Q
where Sh is the specific yield.
Since the movement of solute is governed by the advection-diffusion transport 
equation, fluid velocity components through the anisotropic medium can be determined 
from the two-dimensional form of the modified Darcy relation (Verruijt, 1982). First by 
considering the two-dimensional tensor notation,
Ky =
1C K . yx  y y .
the velocities can be defined as,
, a h  a h ,
  + K«v^ )v x* d x  xyayu = -  -----------------------  —
0
, a h  a h ,
<K„  J V  + K- > a 7 >
V =  -  -------------- -----------------------------
0
where kjj is the tensor components for conductivity (m/day), u and v denote fluid velocities
in the x and y coordinates, respectively. The initial boundary conditions associated with the 
flow analysis can be expressed as 
h(x,y,t0) = hD(x,y)
h(x,y,t) =H(rj)  
unx + vny = - V„(r2)
where hG (m) is the initial head value assigned to all elements at the beginning of the 
transient solution. H (m) is the fixed head values assigned to the direchlet boundary 
conditions (constant) that are denoted by IY  The unit normal vectors nx and ny point
outward from the Neumann boundary conditions (flux) denoted by r 2, and Vn is the fluid
flux on r 2. Unless specifically declared, all boundary conditions are initialized as zero.
Modeling Contaminant Transport
The governing equations for multi-dimensional, time dependent areal transport of a 
single contaminant can be written in vector form as (Bear, 1979; Nwaogazie, 1986)
Rd4 j -  + V VC = V (D VC) + S
where R<j is a retardation factor, C is the contaminant concentration (gm/m3), V is the
transport mediums velocity (m/day), D is the dispersion tensor (m2/day), and S is 
representative of all of the source/sink terms for both the contaminant and the transport 
vehicle.
The velocity vector of the transporting medium, V, is dependent on the hydraulic 
head gradient from Darcy’s relation ( as noted before),
0
The boundary conditions are defined by the relations 
-  (D • VCQ) n = F„
if V fi < 0, (VCo- D  V C0) fi = VCQ-n
if V n > 0, - (D  V C J  -fi = 0
where CQ is the mean concentration of the contaminant, F0 is the mass flux of the solute at
12
prescribed boundaries, and n is the unit vector normal to the boundary. A Neumann 
boundary condition with a zero gradient is normally used at an impermeable boundary.
Since the material is two-dimensional and anisotropic the components of the 
hydrodynamic dispersion tensor D are defined as (Bear, 1984; Frind, 1987);
are the relations for the two-dimensional tensor notation,
d xx d xy
D =
,d yx d y y .
where ax  and c^are  the transverse and longitudinal dispersivities, respectively. The tensor
notation of i and j denotes either of the two directions considered in the models, x or y. Uj 
or uj denotes the directional velocity components of the absolute velocity, V is the absolute
Diffusion and permeability characteristics are best derived from field measurements, when 
available, but are documented well enough that for many media types realistic 
approximations are possible. For the sites examined in this manuscript there was 
considerable amounts of field data, therefore there was little necessity to approximate soil 
and rock characteristics.
Finite Element Method
The flexibility with irregular or unstructured grids is one of the distinguishing 
advantages finite elements has over conventional finite difference methods. For problems 
involving irregular boundaries, heterogenous or anisotropic media, the finite element
d u =  « t v  +  ( « L “  +  H d f o r  i = J
U  • U  •
dij = (a L — a,r) y for i *j
fluid flow velocity (|V|
method’s adaptability becomes most valuable. Finite difference methods define physical 
properties globally; finite element methods define physical properties locally ( element by 
element) - hence a variational or weighted residual principle is be applied. The finite 
element method was chosen for GWADAPT in order to accurately model the irregular 
geometries of the various aquitards and aquifers, and to allow local adaption to add or 
subtract nodes using unstructured meshes.
Galerkin’s approach is based on a Weighted Residual Method and its end results are 
equivalent to those of a variational principle. Interestingly, in cases where a physical 
quantity can not be minimized over a problem domain using a variational principle, the 
application of Galerkin’s method can still be applied (Wang, 1982)
By assuming the head (h) to be steady state, a Poisson equation for h is obtained 
( V2h = f(x,y) ), which can be solved using either a Cholesky skyline decomposition or a
conjugate gradient method. The choice of solver is left to the user, depending on the size 
and sparseness of the matrix that will be solved. For relatively small problems the 
conjugate gradient method shows no real advantages over direct solvers. As the matrix size 
increases the conjugate gradient method becomes more efficient. Mass lumping is 
employed in the transient species transport equation to permit explicit time integration, thus 
eliminating the need for total matrix inversion. Simple modifications, such as mass lumping 
and the addition of a conjugate gradient solver, are used to enhance solution speed and 
minimize storage requirements. The numerical scheme is very efficient; the benefits of the 
grid adaption routines enhance the performance even more.
Adaption is a process by which the computational mesh changes in response to an 
evolving solution. The basic idea behind grid adaptation is to increase the number of grid 
points in the region of high gradients, and reduce the number of grid points where the flow 
is smooth, increasing the accuracy and speed of convergence.
The starting point of the adaptation procedure is a coarse mesh that adequately 
describes the physical geometries of the problem. The details of the problem set dictate how 
coarse of an initial mesh is allowed. An initial solution is computed on the coarse mesh; it is 
not necessary to allow this solution to converge completely since the flow features shift 
location during the adaptation procedure. Refinement indicators are then computed based 
on the initial solution, and elements that need to be refined or unrefined are identified. After 
all of the mesh changes have been made, the grid geometry is recalculated, the solution is 
interpolated onto the new grid, and the calculation procedure begun again.
Discretization
Using the standard weak formulation of the Galerkin method the governing 
equations can be described in integral form. The line integrals that arise during this 
transformation, in order to define boundary fluxes, are the result of the application of 
Green’s theorem, the two-dimensional analogue of integration by parts (Fletcher, 1984).
S h - ^ y  =  V ( k  Vh) + Q
becomes,
and then transforms, after Green’s theorem, to,
I
Q |+ V W ( k  • Vh) dQ -  (Wn ( k  Vh)dr = 0
a simple expansion leads to,
The time dependent species transport equation given by, 
+ V VC = V (D VC) + S
C7 t
15
after application of Green’s theorem becomes,
W
3  p
Rd- j j - + V  V C -S  |+ VW (D ■ VC) dQ -  jW n  (D VC)dr = 0
r
_  0 C  ^  d C \  „  d C  d u C  d v C  ^D„„-^— i- D„. — 1+ R , —'a.' ■ ■ h—~-----1-  ^ — S ) W dQ
expansion gives,
r l — fn  —  n  — ) —" ( 5 x [  ** d x  + *y d y  ) + d y  ^ yy d y  ' *^ yx d x j ' ^ d t '  d x  ' d y
d c  a c  a c  a c-  JW n -(D ^-r— +D  -T— +D "5 — + Dy : i - 3 — ) dr = 0 j v d x  xy d y  yy d y  yx d x
where W is the weighting function, Q is the computational domain, T is the domain
boundary, and n is the unit vector normal to the boundary.
Two trial functions are needed for the two governing equations. The head, h, and 
the concentration, C, are approximated by
n
C(x,t) -  Cnum(x,t) = £  N ^ C ^ t )
i - 1
h(x,t) * hnum(x,t) = I  N,(x)h,(t)
i - 1
where Nj(x) is the standard bilinear shape function (see Appendix E), and n is the number 
of local nodes. Another numerical approximation is necessary due to the relationship 
between fluid velocity and head, given by:
V num = _ K v j1num
By setting the weighting function, W, equal to the trial approximation shape
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function, Nj, and by substituting the trial approximations into the integral equations the 
matrix equivalent formulations are achieved. The groundwater flow equation becomes,
where {C} and {h} are the nodal approximations for concentration and head, respectively. 
[M] is the mass matrix, [Kc] and [Kh] are stiffness matrices, and [A(Vnum)] is the 
advection matrix. The standard Galerkin discretization leads to the matrix and vector 
components [M], [Kc], [Kh], {Fc>, and {Fh}. For an expansion and definition of 
components [Kc], [Kh], {Fc >, and {Fh} see Appendix A. The mass matrix [M] is 
discussed in the mass lumping sub-section.
The advection term, [A(Vnum)], requires the application of the Petrov-Galerkin
method in order to diffuse the numerical instability inherent with advection processes and is 
given by
where Wj is the Petrov-Galerkin weighting function, basically a modified shape function 
designed to stabilize the advection solution, see the Petrov-Galerkin sub-section. A 2x2 
Guassian quadrature is used to numerically integrate these matrix components for each 
element.
S
and the species transport equation becomes,
R
[A(Vnum)] = J W i(Nj Vnm" -VNj)d£2
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Mass Lumping
The mass matrix term is a non-diagonal sparse matrix that inhibits explicit solution 
steps. By approximating the mass term with a diagonalized lumped mass matrix an explicit 
algorithm can be used. The mass matrix is defined by
By implementing this approximation all non-diagonal terms of the mass matrix become 
‘lumped’ onto the main diagonal terms, this technique permits easy matrix inversion, 
allowing explicit solution steps.
Time Marching
Time discretization is accomplished by an explicit finite difference method. A 
second order Runge-Kutta method is used as the time marching solver. The two step 
algorithm is given by (Pepper and Stephenson, 1995)
[M] = j N ^ d Q
ft
and the lumped mass approximation is given by
{C)"*: -  { c r + A‘W  ( {Fe} -  [Ke] {C ) -  [A (Vnum)] { C })“
where [ n i j ]  denotes the inversed lumped mass matrix. The superscript n  denotes the step in 
time (iteration number), and At denotes the size of the time step. The Courant limit is
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calculated for each element and the time step is adjusted to insure the explicit discretization 
stability (Hoffman and Chiang, 1993).
Petrov-Galerkin Weighting
Stabilization of the advection term in the species transport equation is accomplished 
by a modified weighting function. The standard bilinear shape function used in the 
Galerkin method is perturbed to include velocity weighting (Pepper and Stephenson,
1993).
W, = N, + a ^ V ' V N i )
where Wj is the Petrov-Galerkin weighting function, N; is the standard bilinear, 
isoparametric shape function, and he is the element size parameter. Mesh length vectors 
couple with the flow velocity vector to form he.
h lv -M + lv M
V
where h |  and are the mesh length vectors, see Figure 3 for description. The parameter 
a  is given by (Yu and Heinrich, 1986)
a  = coth— -  —
2 p
where |3 is equivalent to a Peclet number and is defined for the system by,
Vhc 
P "  2Dc
and De, the effective diffusion coefficient is given by,
The coefficient describes the effective diffusion in the direction of the local velocity vector. 
The modified weighting functions are dependent on the magnitude and the direction of the 
flow velocity and media diffusion parameter. This weight function introduces a scaled 
diffusion into the numerical scheme which adjusts its damping affect on the model 
according to specific trouble zones. Elements with little advection will have weighting 
functions roughly equivalent to the standard shape function; elements with high flow 
velocities will use augmented weighting functions in order to control the advection terms.
Petrov-Galerkin mesh length vectors are defined by,
UL = upper left comer LL = lower left comer
UR = upper right comer LR = lower right comer
h |x -  0.5 ( x l r  + Xur - X ll - x u l)  h ^  -  0.5 (x^ r  + X ul - X ll  -
h^y = 0.5 ( y l r  +  Yur - Y l l  - Yul) h^y =  0-5  (Yur +  Y ul - Y ll  -
(uh^ + vh&)
 N --------
, { » K  + vhJ
 N ---------
he = I hi I + I h2 I
UR
UL
i {
LL
LR
x
Figure 3 - Mesh length vectors used in Petrov-Galerkin weighting.
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Mesh Adaption
Due to instabilities inherent in numerical simulations it is often necessary to describe 
the geometries of the model under investigation with a very fine mesh. Globally fine 
meshes create enormous matrixes that heavily tax the computer system. Generally, a trial 
and error approach is used by many modelers to achieve a mesh that adequately represents 
the geometries involved in the problem, will achieve a result of acceptable accuracy and will 
minimize the computer resources needed. Numerical instabilities tend to occur when a steep 
gradient is encountered in the problem domain. The majority of problems modeled will be 
well behaved in all but a small region of the numerical domain. Traditionally, a mesh had to 
be created that was fine enough to resolve the steep gradients, gradients that were usually 
present in only a small portion of the model, leaving the majority of the model ‘over- 
meshed’ .
The first appearances of adaptive routines appeared in the late 70’s with occasional 
developments occuring in the field throughout the 80’s and early 90’s (Zienkiewicz etal. , 
1985; Ramakrishnan etal., 1990; Oden etal., 1986; Shapiro and Murman, 1988).
Using adaption schemes the initial mesh used can be coarse and quickly designed, 
describing the geometry of the problem but not accounting for the areas where numerical 
dispersions might arise (i.e. sources, fluxes, comers, etc...). In general there are two types 
of adaption schemes that are in use today, h-adaption and p-adaption. The technique of p- 
adaption is where the order of interpolation for elements containing gradient problems is 
increased in order to increase the model’s accuracy, i.e. making bilinear elements quadratic, 
converting quadratics to cubics and so forth. The spectral element method code NEKTON 
performs this type of adaption, but NEKTON does not model flow through porous media. 
GWADAPT uses an h-adaption scheme where the mesh itself is refined or unrefined in 
order to more accurately resolve the unique flow characteristics of the problem. All future 
references to adaption will imply h-adaption.
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When the simulation is started the problem will proceed until a large nodal gradient 
is encountered that exceeds the limitations set by the user. In regions of high gradients the 
mesh is refined in order to resolve the numerical dispersions and oscillations that tend to 
arise from numerically describing such steep differences. After a gradient has been resolved 
and the gradient front has progressed to another area of the problem domain, the mesh will 
revert back to the original unrefined state, thus continuing the economical use of the 
computer’s resources. Basically, the purpose behind grid adaptation procedures is to 
increase the number of grid points in areas where high gradients are present and to then 
reduce the number of grid points when the gradients have smoothed. The use of grid 
adaptation increases the solution accuracy and the speed of convergence while reducing the 
amount of storage space and random access memory (RAM) needed by the computer 
(Pepper, 1993).
Description
GWADAPT uses 2-D quadrilateral isoparametric elements in its adaption routines. 
Though the general finite element solution routines in the code have the capability of 
solving 2-D triangular elements, the adaption capability of the code is currently restricted to 
quadrilaterals. Quadrilaterals are more efficient and use fewer elements, particularly when 
adaption is introduced.
A coarse mesh that adequately describes the flow and problem geometries is used to 
start the simulation so that a large time step can be used initially. After a predefined number 
of time steps the adaption routine checks to see if any of the gradients between adjacent 
nodes has reached a limit of adaption level, either too large (adapt) or too small (un-adapt). 
The modeler has control over the maximum number of time steps taken before the first 
adaption and also the number of steps taken between adaption indicator reviews.
The initial number of time steps taken before adaption is allowed to proceed is very
23
important and is closely linked to the safety factor used by the solution routine (also, user 
defined). In general if the initial time steps taken by the model are small, less than 5 days, 
then the initial adaption may be post-poned by the modeler in order to let the solution 
progress quickly and efficiently before introducing more nodes and smaller elements. If the 
solution is allowed to progress too far before the initial adaption occurs, common to 
problems that inherently have large time steps, the modeler runs the risk of having the 
simulation blow-up prior to adaption or having the solution contain so much numerical 
dispersion that a correct result is no longer possible. If a solution is allowed to progress too 
far with inadequate mesh refinement the amount of time taken by the computer following 
adaption attempts to shift the flow features can become excessive, and negate the benefits 
of adaption.
The number of time steps allowed between adaptions is adjustable and should be 
used to maximize the benefits of mesh adaption. The number of intermediate steps should 
not be limited. However, if adaption occurs too often then the speed and processor benefits 
of the adaption technique could be negated. Also, with too few intermediate time steps and 
reasonable adaption indicators, there is a possibility of mesh refinement oscillation. Mesh 
refinement oscillation is the result of poorly chosen adaption parameters - the mesh adapts 
to resolve a gradient that equaled the upper refinement threshold and then un-adapts back to 
the original mesh because the adapted mesh contained gradients that equaled the lower 
refinement threshold. The result of this predicament: the solution does not progress because 
the flow is not allowed to evolve due to the solver being preoccupied with the shifting mesh 
adaption (un-adaption). A large number of intermediate time steps between adaption 
indicator reviews is desired for optimal computational benefit, but there is a possibility that 
the solution could generate additional numerical dispersion between each adaption interval, 
i.e., the gradients are allowed to go unresolved for so long that the final solution could 
contain unacceptable inaccuracies.
Refinement (adaption) indicators are calculated for every element, including child 
elements of previously adapted parent elements, prior to the adaption phase. During the 
adaption phase the refinement indicators are compared to two thresholds, the upper 
refinement threshold is used to trigger refinement (adaption) of an element while the lower 
refinement threshold is used to trigger the coarsening (un-adaption) of a child element. The 
mesh adaption is not limited to one level of refinement, meaning that even child elements 
are subject to the same adaption procedures. The user can limit the number of refinement 
levels; two and sometimes three levels of refinement are usually more than enough, 
theoretically the adaption could proceed to infinity. Allowing the adaption procedure to go 
beyond three levels of refinement usually results in unacceptably small time steps that 
prevent the solution from converging, and is ill-advised.
After the mesh refinements or unrefinements are finished the adaption routine then 
checks for nodal inbalances. Such inbalances, called holes, occur when an element has 
three or more of its faces subdivided. Figure 2c shows an example of a hole where the left 
most parent element has two virtual nodes present on its right hand side. Virtual nodes are 
the side nodes introduced by the creation of child elements. If left unchanged the element 
containing the hole would be one order greater than the solver and therefore incorrectly 
modeled. To correct this situation and reduce the number of virtual nodes to just one per 
element side the adaption routine refines the adjacent element. This process of eliminating 
holes often creates new holes therefore the process of searching for holes and refining 
adjacent elements to resolve the holes is repeated until no holes are indicated by the search 
(Pepper, 1993).
After the adaption routine has determined all of the refinements and unrefinements 
needed the ‘new’ virtual node locations are calculated, the elements are defined, the 
solution from the previous time step is interpolated onto the new mesh and the simulation 
phase begun again. Unlike steady state problems where a final, converged mesh exists,
transient problems tend to continually adapt and unadapt their meshes. As a steep gradient 
front moves across a mesh so does the adapted elements, adapting in front of the gradient 
and un-adapting after the gradient front has passed.
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Figure 2 - Adaption diagram of two adjacent elements refining to first and second levels, 
where a) is the initial two parent elements, b) shows a first level refinement that leaves a 
virtual node at the parent element’s interface, c) shows a second level refinement that leaves 
two virtual nodes at the parent element’s interface and d) shows how an additional first 
level refinement is used to reduce the number of virtual nodes at the interface.
Hole ~ >
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Criteria for Adaption
In order for adaption to be implemented parameters of adaption must be defined. 
Two popular parameters for h-adaption techniques is error minimization and gradient 
reduction. Both methods require the selection of a key variable as the indicator of the 
solution behavior. GWADAPT uses contaminant concentration gradient reduction for mesh 
refinement.
When the adaption routine is initiated it first calculates the maximum concentration 
gradient, ACemax, present in each element and assigns that value to the element.
ACemax = max( IC^-Ci I, IC3 -C2 I, IC4 -C3 I, IC1-C4 I )
where the concentration of contaminant at each node in the quadrilateral is represented by
Ci, C2, C3 , and C4. A value that has been normalized for the entire mesh is needed as the
refinement indicator so that only the areas with gradient problems are refined. The mean
and standard deviation are defined as,
  1 n
AC = — I  ACcm ax r» cmax
11 i - 1
and.
° ‘ 1
E  ( A C ^ J 2 -  n (  AC ) 2t - J  x cm ax '  v cm ax7ax 
i - 1
n -  1
where n is the number of nodes. The normalized refinement indicator, Ae, is given by:
A C ^  AC msa 
Ac = ------------------------
o
As can be seen by these relations the adaption procedure is based on the spatial distribution 
of the contaminant concentration. The transport equation is integrated in time and the proper
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selection of a safety factor controls the time step size, but spatial control of numerical 
stability and accuracy is dependent on the ability of the mesh to adapt in order to resolve 
steep concentration gradients. The adaption indicator limits LT and UT represent the lower 
refinement threshold and the upper refinement threshold, respectively.
If Ae < LT, then element is unrefined, if element is a sub-element.
If Ae > UT, then element is refined.
Else, all other conditions cause the mesh to remain unchanged.
The values of UT and LT are user defined, but it is advisable to use values around 0.8 and 
0.2, respectively. Depending on the problem’s complexity and the flow properties different 
values for the thresholds may be used but these will be good initial trial threshold values.
Virtual Nodes
The grid refinement procedure for quadrilateral elements results in virtual nodes 
being created at the interfaces of adjoining elements. Special ‘book-keeping’ algorithms are 
required to keep track of virtual nodes and their relation to the parent element nodes in order 
to insure correct representation of the solution details.
To keep stability and correct order of interpolation the maximum number of virtual 
nodes allowed at any given element interface is limited to one. Figure 2b shows an 
allowable mesh configuration where the left most parent element possesses a virtual node 
on its right interface. Virtual nodes are directly defined by the parent nodes that they lie 
midway between. The flux and variable vectors of a virtual node are defined by the 
averaging of the two nodes that the virtual node lies between, one level up. In cases where 
adaption was carried out through several levels this averaging of nodal values one level up 
continues until the parent nodes defined by the original mesh are reached. And, while the 
virtual nodes are used to resolve a steep gradient during the solution iteration, after each
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iteration the nodes are updated.
Another way to perform h-adaptive techniques is to intermingle triangular elements 
with quadrilateral elements and by doing so avoiding virtual nodes. The complexity of 
mixing different element types, however, can lead to more programming and solution 
processor time, thus making any benefits of avoiding virtual nodes unjustified. Mixing of 
element types would be physically more sound, but numerically the adaption routines 
would become more complex and might even drag on the solution speed. As an example of 
the complexity involved with mixing element types, the ‘book-keeping’ method used by 
GWADAPT would have to account for the angled interfaces of triangles inside 
quadrilaterals and finally convert the interpolated values from the triangular values to 
quadrilateral form.
GWADAPT Refinement Rules
ELEMENTS:
• May be refined only if its neighbors are at the same refinement level or higher.
• Eligible for refinement but have neighboring elements at a lower level must wait for 
the neighboring elements to be refined first.
• That are refined create four sub-elements and anywhere from one to five new 
nodes.
• Eligible for unrefinement must not contain sub-elements.
• Eligible for unrefinement must not neighbor elements with a higher adaption level.
NODES:
• That are embedded and virtual are common to two members of a group only.
• That are created between the interfaces of refined element groups and elements that 
are not refined or are of a lower adaption level are virtual nodes.
• That are embedded along a domain boundary are not considered virtual and retain 
the boundaries properties.
• That are embedded at an interface of a group of elements that are to be unrefined 
and an element at a lower level will be eliminated.
• That are embedded at an interface of a group of elements that are to be unrefined 
and another group of elements that will remain at the same level will become virtual.
• That belong to a group of elements to be unrefined and are embedded on a domain 
boundary will be eliminated.
CHAPTER 3: GWADAPT SUPERCOMPUTING CONSIDERATIONS
GWADAPT is a product of the modification and optimization of a computer code 
designed for execution on Silicon Graphics workstations. GWADAPT has embedded 
directives and mathematical subroutine calls for the conjugate gradient solver that allow it to 
run very efficiently on the Cray Y-MP processor. However, the GWADAPT source files 
cannot be compiled on other non-Cray computers without considerable restructuring.
Modification of the code for optimal performance on the NSCEE’s Cray Y-MP 
2/216 supercomputer was necessary before simulation of the two sites could be conducted. 
Debugging the prototype so that an executable version of the source code could be 
compiled on the Cray Y-MP required some effort. Optimizing and vectorizing the code for 
enhanced performance on the Cray Y-MP required considerably more effort and 
necessitated rewriting much of the source code.
The model was optimized to a level of speed and performance such that any further 
modifications produced minimal increases in solution speed. As shown in Table 2, the 
execution time of the FEM model for the test case input data (see Figure 4) was decreased 
significantly from the first runs to the latest. Examples of modifications to the code include: 
reduction of array dimensions, embedded inline statements, embedded ivdep statements, 
aggress options during compilation, and reduction of loop nesting by unrolling. The FEM 
model’s execution time is now near its minimum limit; further changes to the code would 
require extensive, time consuming alterations and would not produce significant increases 
in execution speed.
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Figure 4 - Input mesh for test case scenario
32
Longest CP time, s. Shortest CP time, s.
SGI - June 1993 1666.0 1566.2
Cray - no options, June ‘93 251.1 194.2
Cray - no vector, June ‘93 34.1 33.1
Cray - June, 1993 16.9 16.8
Cray - July, 1993 14.7 14.6
Cray - Early August, 1993 14.3 14.2
Cray - Late August, 1993 1 1 . 8 11.7
Cray - Early September, ‘93 10.9 10.4
Cray - Late September, 1993 9.7 9.4
Cray-current (May, 1994) 1 0 . 0 9.4
Table 2 - Upper and Lower recorded CP times of test case runs
NOTE for Table 2: Normally for several separate runs of the same model different CP 
times were recorded. The author believes this to be related to the sharing of the processor 
with other users and the nature of processor timing functions. Also, the Silicon Graphics 
(SGI) CP times were included for general comparison purposes only. A SGI CP second is 
not necessarily equal to the CP second reported by the Cray’s timing function since the 
demands on the processors are different and the timing functions are from two very 
different machines.
The final compiling commands that were used for the fully optimized executable 
version of GWADAPT on the Cray Y-MP 2/216 can be seen in the ‘ makefile’ file. The 
‘makefile’ is a series of commands that update the executable file when the user simply
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enters the command ‘ make’.
gwadapt: gwadapt2d.o adapt2d.o
segldr -o gwadapt gwadapt2d.o adapt2d.o 
gwadapt2d.o: gwadapt2d.f gwadapt2d.h
cft77 -o aggress,inline2 —  gwadapt2d.£ 
adapt2d.o: adapt2d.£ gwadapt2d.h
c£t77 -o aggress, inline —  adapt 2d. f 
gwadapt2d.o: gwadapt2d.h
adapt2d.o: gwadapt2d.h
Source 1 - the GWADAPT makefile, no graphics included.
The makefile listed here does not include the libraries and source file necessary for 
the graphical display of the contaminant spread during execution. The option -o aggress 
causes the compiler to raise certain limits for internal tables and searches, allowing loops of 
greater complexity to be vectorized (Cray, 1993 (2)). The -o inline and -o inline2 
compiler options cause first and second level code expansion of called subroutines to be 
performed, respectively. Inlining does not actually change the source code but has the 
affect of rewriting the code during the compilation so that subroutines and functions are 
expanded inside of the loops where they are used instead of being ‘called’ from the loops. 
As listed in the rules of vectorization, loops with called subroutines or functions will not 
vectorize.
Unfortunately, the fully optimized version of GWADAPT when compiled with the 
graphics routines is simply too large (at least beyond the user allowed memory allocation) 
for execution on the NSCEE’s Cray Y-MP 2/216. Generally, a non-optimized version of 
the code was compiled with the graphics routines and the problems were started and 
examined to make sure that the models initially performed as expected. The problems 
would then be stopped and restarted with the optimized version of GWADAPT.
Vectorization of source code on the Cray system is a built in default feature of the
FORTRAN compiler, cft77® . To turn off the compiler’s vectorization feature the statement
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‘-o no vector ‘ had to be entered into the makefile in order to record the Cray Y-MP’s CP 
time without vectorization, see Table 2. The automatic vectorization is a limited, first level 
attempt by the compiler to identify vectorizable loops and portions of the source code and 
compile them as such. DO loops, DO WHILE loops, and IF loops can be vectorized if they 
meet certain requirements. The rules to vectorization that must be met in order for source 
code to be compiled as vectorizable can be summarized as (Cray, 1991; Cray, 1988):
• Nested loops are not vectorizable, only the innermost loop is vectorized when 
nested loops are encountered by the compiler.
• A vectorized version of a given code must give equivalent results with the non­
vectorized (scalar) version. Since computer floating-point arithmetic is not 
associative, unacceptable numerical differences may occur if a vector reduction 
causes elements to be summed in a different order.
• Loops containing subprograms (subroutines, function subprograms, and library 
functions) will not vectorize.
• Loops containing references involving character type variables and declarations do 
not vectorize.
• Loops with recurrences, i.e. each execution of the loop is dependent on the output 
of the previous execution. Sometimes the compiler function that senses recurrences 
can be bypassed with the CDIR$ IVDEP directive (ignore dependencies).
• The loop must be executed the initially specified number of times, this contributes 
to loop complexity which may inhibit vectorization.
• The correct exit must be taken, unexpected interuptions in loop execution inhibits 
vectorization.
• In general, even if all rules are followed a loop may still not compile as vectorizable 
due to the loops complexity. Certain combinations of particular operators may be 
seen by the compiler as non-vectorizable, yet other combinations of the same
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operators may be vectorized. This loop vectorization inhibitor is termed loop 
complexity.
Because of the nature of vectorization, loops that have dependencies on a previous 
execution of the loop, called a recurrence, will probably produce numerical differences. 
The idea behind vectorization is that each execution of the loop is maintained at only one 
operation behind the previous execution. As an example, if a loop performs 10 operations 
during the first pass through the loop then in the vectorized version of the loop 1 0  passes 
through the loop will have been initialized by the computer before the results of the first 
pass would be completed (Cray, 1993 (1)). However, there is a recurrence threshold that 
allows the loop to be forced vectorized without penalty in performance. Ideally, if 64 
iterations can be executed by a loop before the results from the first iteration are needed by 
the loop then the loop may be vectorized without any loss of performance. Recurrences 
with smaller thresholds can still be vectorized, but with loss of performance compared to 
full vectorization (Cray, 1988).
Since only the innermost nested loop will vectorize it is sometimes advantageous to 
upwind or rather unroll the innermost loop in order to make the next nested loop the 
innermost. Unrolling is accomplished by finding candidate innermost loops that are small, 
generally 5 or fewer iterations, and copying the body of the loop enough times to convert it 
to straight line code. This is examplified by the modified GWADAPT source code:
SUBROUTINE INIT_MESH_ADAPT 
INCLUDE 'gwadapt2d.h'
C
NSELEM—NELEM 
LEVEL(0)=0 
DO 5,1=1,NELEM 
LEVEL (I) =0 
PARENT(I)=0 
DO 10,J=l,4 
DO 15,K=1,2 
ADJACNT(I,J,K )=0 
15 CONTINUE
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CHILD(I,J)=0 
10 CONTINUE 
5 CONTINUE 
CALL INIT_ADJACNT_ELEM 
RETURN 
END
Source 2 - Original init_mesh_adapt subroutine from the adapt2d.f file
It can easily be seen that these very small loops that are twice nested will only have 
the innermost loop vectorize, which in this case only has two iterations. The code was 
modified to guarantee that the executable would have a vectorized version of the 
subroutine.
SUBROUTINE INIT_MESH_ADAPT 
INCLUDE 1 gwadapt2d.il'
C
NSELEM=NELEM 
LEVEL(0)=0 
DO 5,1=1,NELEM 
LEVEL(I)=0 
PARENT(I)=0 
ADJACNT(I,1,1)=0 
ADJACNT(I,l,2)=0 
ADJACNT(I,2,l)=0 
ADJACNT(1,2,2)=0 
ADJACNT(I,3,l)=0 
ADJACNT(I,3,2)=0 
ADJACNT(I,4,l)=0 
ADJACNT(I,4,2)=0 
CHILD(I,1)=0 
CHILD(1,2)=0 
CHILD(I,3)=0 
CHILD(I,4)=0 
5 CONTINUE 
CALL INIT_ADJACNT_ELEM 
RETURN 
END
Source 3 - Modified init_mesh_adapt subroutine from the adapt2d.f file.
Now instead of the smallest loop being the only vectorized loop the two innermost 
loops were unrolled and the entire process is vectorized. It should be noted that there are
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compiler options available with cft77® that perform this loop unrolling for the user.
However, whenever compiler options are used there is an increase in overhead and 
executable size that is in some cases undesirable or inefficient. In this code optimization 
portion of the study it was desirable to limit the number of -o compiler options as was 
possible to keep the size of the executable small enough to execute on the Cray Y-MP 
2/216. Also, since the vectorization feature of the compiler comes late in the compiling 
process some relatively simple loops may be deemed too complex by the compiler and 
therefore not be vectorized (Cray, 1988). By physically unrolling nested loops 
vectorization of the code to the degree desired is (almost) guaranteed.
There are also examples where a loop cannot be vectorized due to another 
requirement not being met but other changes to coding ‘ style’ can be changed to make the 
code straight-lined. In the subroutine parameter_infile there were four scalar loops. These 
loops were scalar for two reasons 1 ) in the loops there was a input/output operator and 2 ) 
they contained a character operator. The loops were all removed in the same fashion as the 
one shown below
DO 5,J=1,6
READ(7,10)BLANK 
5 CONTINUE
10 FORMAT (4A18)
Source 4  - Excerpt from subroutine parameter_infile, before modification.
READ(7,10)BLANK 
10 FORMAT(///f/z/f/j 4A18)
Source 5 - Excerpt from subroutine parameter_infile, after modification.
These coding excerpts examplify how it is sometimes just a matter of the 
programmer’s coding style that needs to be altered to increase a code’s efficiency. A simple
38
straight-line code is substituted for an unvectorizable loop.
Directly in the code it is possible to explicitly declare what type of loop that is 
desired, either vectorized or scalar. Since the compiler attempts to vectorize each loop as a 
default it is usually not necessary to explicitly declare a loop vectorizable. However 
sometimes declaring a loop to be scalar is a necessity in some instances. In the subroutine 
find_elem_to_divide there was a recurrence in a sorting routine that the compiler would 
report as having possible numerical problems being associated with it. To bypass the 
warnings and assure that the code would execute the sort routine as desired it was 
necessary to embed an explicit scalar declaration as follows:
C Sort DIVIDE elements into ascending order by level 
C
30 NC1=0
DO 35,1=1,NC—1 
IF (LEVEL(DIVIDE(I)).6T.LEVEL(DIVIDE(1+1))) THEN 
NTEMF=DIVIDE(I)
DIVIDE(I)=DIVIDE(1+1)
DIVIDE(1+1)=NTEMP 
NC1=1 
END IF 
35 CONTINUE
IF (NC1.EQ.1) GOTO 30
S o u rce  6  - E x ce rp t fro m  su b ro u tin e  fin d _ e lem _ to _ d iv id e , b e fo re  e m b ed d ed  sca la r
declaration
c
C Sort DIVIDE elements into ascending order by level 
C
30 NC1=0 
CDIR@ NEXTSCALAR
DO 35,I=1,NC-1 
IF (LEVEL(DIVIDE(I)).GT.LEVEL(DIVIDE(1+1))) THEN 
NTEMP=DIVIDE(I)
DIVIDE(I)=DIVIDE(1+1)
DIVIDE(1+1)=NTEMP 
NC1=1 
END IF 
35 CONTINUE
IF (NC1.EQ.1) GOTO 30
S o u rce  7  - E x ce rp t fro m  su b ro u tin e  fin d _ e lem _ to _ d iv id e , w ith  e m b ed d ed  sca la r dec la ra tio n
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Performance Utilities
There is some guess work involved in knowing which loops will be vectorized and 
which will not be vectorized during the compilation phase. Fortunately, some of the guess 
work is taken out by using three performance utilities packages available in the UNICOS 
system, p r o f v ie w ,  p e r f v ie w  and loo p m ark . A brief description of each with 
references to where more information may be obtained follows.
perfview
Actually raw data about the computer hardware performance that each portion of the 
code is producing is generated by the Perftrace utility, but Perftrace does not generate 
report output. Reports are generated from output of Perftrace by using the p e r f v ie w  
command.
To have a non-user defined report generated by perfview and saved in the file 
perf.report for GWADAPT, neglecting the graphics package, the following series of 
commands should be executed.
cf 77 -F -lperf gwadapt2d.f adapt2d.f
env PERF_GROUP=0 PERF_DATA=perf.0 ./a.out
env PERF_GROUP=l PERF_DATA=perf .1 . /a. out
env PERF_GROUP=2 PERF_DATA=perf.2 ./a.out
env PERF_GROUP=3 PERF_DATA=per£ .3 . /a. out
cat perf.[0-3] | perfview -LBMuch -> perf.report
Source 8  - perfview  non-user defined commands
The - b option produces a typical observation report. The observation report 
describes computer hardware performance for the whole program and for the five most 
CPU time consuming subroutines. Information for the whole program includes the number 
of floating-point operations, the ratio of vector to scalar operations, the vector/scalar hold-
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issue ratio (which is the dominating type of operation), the ratio of flops to memory 
references (computational intensity), and suggestions as to what to look for in order to 
increase the efficiency of the code. Information for the top five hardware using routines 
contains the total percentage of the overall CPU time that the routine is responsible for, the 
number of floating-point operations, the amount of floating-point operations that were 
performed in vector units, the ratio of vector to scalar operations, the routine’s vector/scalar 
hold-issue ratio, notes about memory references, the routine’s computational intensity, and 
suggestions as to how to improve the routine’s efficiency (Cray, 1992).
The -u option causes the generation of two reports listing all of the routines in 
GWADAPT sorted by the CPU time they used. These listings appear in a tabular form and 
includes such useful information as the total number of times that routine was called, the 
average time per call, the total percentage of CPU time used by the routine, total flops and 
total Mips. The first report is equivalent to the information produced by the hpm command 
while the second report is the equivalent of the information produced by the hpmall 
command.
The -h option is identical to the -u option in the type, origins, and information in the 
reports produced, with one exception. Each of the two reports produced include an ‘in-line’ 
factor column. Basically, routines with ‘in-line’ factors greater than 1 are candidates for 
either embedded c d ir $  i n l i n e  commands or - o  i n l i n e  compiler options.
Also, contained in the perf.report file is a perfview environment report which 
describes the type of Cray processor used and the mode of execution. Information is also 
printed about the performance of perftrace itself (Cray, 1989).
profview
The prof view performs many of the same functions as the perfview command but
41
is considerably more difficult to use. The main difference profview has with perfview is 
that the subroutine usage times and usage percentages calculated are produced by the prof 
function, instead of the hpm or hpmall functions. Values produced by each report are 
comparable if double checking is desired but the use of perfview was considered more 
useful by the author.
To generate a report with profview using the Cray FORTRAN compiler the 
following sequence of commands should be executed (Cray, 1992).
cf77 Wf"-ez" -1 prof gwadapt.f adapt2d.f 
env PROF_WPB=l ./a.out 
prof -x a.out > pgm.prof 
profview -mcLDh pgm.prof > pgm.report
Source 9 - Sequence of commands to produce profview output file
This will produce subroutine usage information with partial optimization enabled. Reports 
generated by profview contain estimated total time (microseconds), number of ‘ hits’, 
percentage of time used, and the run time percentage.
loopmark
Probably one of the most useful tools in understanding how the compiler sees the 
code and decide whether to vectorize loops or not is the loopmark option. This source 
listing is produced by a compiler option so it is very accurate as to exactly which loops the 
compiler vectorized and which ones it did not and why (Cray, 1993 (2)). The loopmark 
function produces the ‘ gwadapt. l’ file after compilation which contains a listing such as 
the one shown in Source 10.
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L O O P M A R K  L E G E N D
PRIMARY LOOP TYPE LOOP MODIFIERS
S - scalar loop b - bottom loaded
V - vector loop c - computed safe vector length
W - unwound loop i - unconditionally vectorized with an IVDEP
k - kernel scheduled 
r - unrolled 
s - short vector loop 
v - short safe vector length
213 1. C -
214 2. SUBROUTINE MATSET
216 79. C
217 80. C CONSTRUCT [M] MATRIX USING MASS LUMPING
218 81. c
219 82. CDIR$ INLINE
220 83. CALL CLEARD(MMAT,NNODE)
221 84. C
222 85. S- DO 5,K=1,NELEM
223 86. S IF (CHILD(K,1).NE.0) GOTO 5
224 87. S CALL NODSET(K,I,J,M,N)
225 88. S S— ----- < DO 10,IQ=1,NGAUS
226 89. S S XSI=P0SG1(IQ)
227 90. S S ETA=POSG2(IQ)
228 91. S S CALL SHAPE(XSI,ETA,I,J,M,N,DE,YETA,XETA,
229 92. S S S------< DO 10,KK=1,NUMN
230 93. S S S L=NODE(K ,KK)
231 94. S S S CDIR0 IVDEP
232 95. S S S Vr-< DO 10,KKK=1,NUMN
233 96. S S S Vr MMAT(L )=MMAT(L )+NS(KK)*NS(KKK)*DE*W1
234 97. S s-s--Vr-> 10 CONTINUE
235 98. S- -----> 5 CONTINUE
236 99. RETURN
237 100. END
V E C T O R I Z A T I O N  I N F O R M A T I O N
cft77-8035 cf77: VECTOR MATSET, line =85, File = gwadapt2d.f, Line = 222 
Loop starting at line 85 was not vectorized. It contains an inner loop. 
cft77-8035 cf77: VECTOR MATSET, line =88, File = gwadapt2d.f, Line = 225 
Loop starting at line 88 was not vectorized. It contains an inner loop. 
cft77-8035 cf77: VECTOR MATSET, line =92, File = gwadapt2d.f, Line = 229 
Loop starting at line 92 was not vectorized. It contains an inner loop. 
cft77-8035 cf77: VECTOR MATSET, line =95, File = gwadapt2d.f, Line = 232 
Loop starting at line 95 was vectorized.
Source 10 - Excerpt from loopmark’s gwadapt.1 file, Subroutine MATSET.
43
To produce the loopmark listing the compiler must be invoked with the -em option. 
For ease of use the cf77® compiler was employed
cf77 -Wf " -em" gwadapt2d.f adapt2d.£
Source 11 - Compiler command to invoke loopmark listing for gwadapt.f
This produces not only a loopmark listing for the main program but also one for each 
additionally listed program being compiled, each being listed in their own ‘ . 1 ’ file. The 
listing also contains specific information about each loop in a subroutine that aids the 
programmer in establishing the best course of action, if any, that needs to be taken in order 
to increase the vectorization of the code (Cray, 1993 (2)).
Graphics
Simultaneous display of the solution during execution of the program is possible 
through the use of a silicon graphics (SGI) workstation. Graphical subroutines that enable 
the program to use the SGI’s graphics library (gl) are built in to the code and allow the 
solution to be analyzed during execution of the code on the SGI machine’s processor. By 
employing the SGI’s distributed graphics library (dgl) the same solution can be graphically 
displayed on a SGI workstation - only a separate processor would be performing the 
numerical analysis. In this case the code, including the dgl commands, was compiled on 
the Cray Y- MP supercomputer and a SGI Elan workstation was used as the terminal for 
the graphical output.
Unfortunately, the executable that was created with the dgl commands enabled was 
quite large and the un-optimized version of GWADAPT had to be used. The user allowed 
memory allocation was breached every time the executable approached 2 Megabytes (Meg)
in size. GWADAPT normally compiled an executable that was under 1 Meg. With all of the 
optimizations in place the executable with out the graphics capabilities was 1.66 Megs. The 
executable with no optimizations but with graphics capabilities was 1.75 Megs. The 
compilation of the combined optimizations and graphics consistently failed. Attempts to 
compile a version of GWADAPT with minimal optimizations and graphics also failed with 
the only trace back information stating there was an excessively large program executable.
Since visually analyzing the solution as it proceeded proved to be an invaluable aid 
in the adjustment of adaption parameters it was necessary to use two version of 
GWADAPT. The first analysis was performed using the un-optimized version with the 
graphics capabilities and the simulation was allowed to run until the modeler was satisfied 
that the initialization was correct and that the model would successfully reach an acceptable 
conclusion. Then in order to double the solution speed and convergence the simulation 
would be restarted with the optimized version of GWADAPT without the graphics 
capabilities. This proved to be successful and necessary for certain models due to the 
minute time step sizes that result from second level adapted elements.
Generally, postprocessing of data for hardcopy output was achieved using 
TECPLOT software on a standard PC. This postprocessing package was used to create all 
of the hardcopy solutions graphically presented in this manuscript.
Conjugate Gradient Solver
By optimizing GWADAPT for execution on the Cray Y-MP the magnitude of 
problems that the code could simulate was increased magnitudinally. Thus, large time 
consuming and computationally expensive simulations are now achievable in a fraction of 
the time and cost. The two problems examined in this study and the test case scenario were 
relatively small in size with 192,306 and 200 nodes, respectively. Large models of 1000 
nodes or more tend to tax the initial matrix solver to such an extent that it was justifiable to
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in se rt an  o p tio n  fo r  th e  u se r to  use  a  co n ju g a te  g ra d ie n t so lv e r in stead . F o r re la tiv e ly  sm all 
m a trix es  the  co m p u ta tio n a l en e rg y  sp en t so lv ing  them  is ro u g h ly  th e  sam e  fo r  d irec t so lvers 
and  ite ra tiv e  tech n iq u es such  as a  co n ju g a te  g rad ien t m ethod . A s the  s ize  o f  th e  m atrix es  
in c rease  the  tw o  m eth o d s p ro v e  to  be  v e ry  d iffe re n t a n d  th e  co n ju g a te  g ra d ie n t so lv e r 
b eco m es in c rea s in g ly  m o re  e ffic ien t (C ray , 1993 (4)).
F o re see in g  the  need  fo r  a  co n ju g a te  g rad ien t o p tio n  the  M ath  L ib ra ry  rou tin e  
s it r s o l  w as in s ta lled  in to  the  G W A D A P T  o p tim ized  sou rce  code . T h e  co n v e rs io n  o f  tw o- 
d im en sio n a l a rray s  to  a  fo rm atted  se t o f  th ree  sin g le -d im en sio n  a rray s is  f irs t p e rfo rm ed  
w h en  th is  o p tio n  is in v o k ed  th en  the  system  is  so lv ed  b y  s i t r s o l . T h e  su b ro u tin e  
c ray _ co n j_ g rad  p e rfo rm s these  op era tio n s
SUBROUTINE CRAY_CONJ_GRAD 
INCLUDE 'gwadapt2d.h'
INTEGER ROWIND((NSOLV-1)*10*NNODE),IWORK((NSOLV-1)*60*NNODE),
& COLSTR(NNODE+1),IPARAM(40)
REAL VALUES((NSOLV-1)*10*NNODE),WORK((NSOLV-1)*60*NNODE),
& RPARAM(30),BF(NNODE)
CHARACTER*3 METHOD
C
C CONVERT MATRIX TO 3-VECTOR SYSTEM 
C
IND=0
DO 10,J=l,NNODE 
H (J ) =H (J ) * 3 .
BF(J)=HFLUX(J)
ICOL=0
DO 20,1=1,NNODE 
IF (ABS (KMAT (I, J ) ) . GT. 0 . ) THEN 
IND=IND+1
VALUES(IND)=KMAT(I,J)
ROWIND(IND)=I 
IF (ICOL.EQ.O) THEN 
COLSTR(J )=IND
IF (COLSTR(J).EQ.COLSTR(J-1)) THEN 
COLSTR(J)=0.
END IF 
ICOL=l 
END IF 
END IF 
20 CONTINUE 
10 CONTINUE
COLSTR(J)=IND+1
C
C USE CRAY'S CONJUGATE GRADIENT SPARSE MATRIX SOLVER - SITRSOL 
C
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LWORK=6.*IND
LIWORK=LWORK
CALL DFAULTS( IPARAM,RPARAM)
IPARAM (1 )=0 
IPATH=2 
METHOD=1 BCG'
CALL SITRSOL(METHOD,IPATH,NNODE,NNODE,H,BF,COLSTR,ROWIND,VALUES,
& LIWORK, IWORK, LWORK , WORK, IPARAM, RPARAM, IERR)
RETURN
END
Source 12 - subroutine cray_conj_grad from gwadapt2d.f
The s it r s o l  method option chosen is BCG which stands for Biconjugate gradient 
method (Cray, 1993 (4)). s it r s o l  has six method options and of the methods tried the 
Biconjugate gradient method consistently outperformed the others in initializing the test 
case scenario mesh, see Figure 4. Another option that must be entered by the user is the 
degree of sparseness in the matrix system to be solved - the user should choose the 
minimum size possible for maximum performance. This is accomplished by the input 
parameter n so lv  which also doubles as the matrix solver selector.
if n so lv  <1 then the built in Cholesky skyline solver is used
=1 then a Cray direct solver is used (no advantage over Cholesky) 
= 2  then s it r s o l  is invoked assuming matrix fill of 10%
=3 then s it r s o l  is invoked assuming matrix fill of 15%
=4 then s it r s o l  is invoked assuming matrix fill of 20%
and so on.
If a matrix system is actually less sparse (more non-zero terms) than the amount entered by 
the user then incorrect matrix solutions will be returned without error messages. Because of 
this reason it is important that the user understand and establish the correct amount of 
matrix sparseness without underestimating. Also, the more non-linear and interconnected a 
problem is the less sparse the matrix system will be (Jin, 1991).
CHAPTER 4: SIMULATIONS
The application of the code to two very distinct cases is shown to demonstrate the 
code’s capability and effectiveness. The Yucca Mountain Repository Block model is a 
model that has its domain entirely in the unsaturated zone with the water table acting as the 
boundary condition along the bottom of the grid. The Savannah River Site F-Area basin 
model is a saturated case with some variably saturated soil conditions near the surface.
Both models assume isothermal, steady-state hydrologic conditions over the course 
of the solution. A solute is continuously released from a single source during the entire 
execution. The simulations were run until a time step plateau was reached or until the 
execution time had surpassed desired amounts of time.
Yucca Mountain Repository (Proposed)
This portion of the study was performed to show the use of GWADAPT as a 
predictive tool and aid in design performance assessment. The data pertaining to the rock 
and soil characteristics for the Yucca Mountain site is still being collected, so future models 
of this site should contain fewer assumptions and approximations. Comparisons of the 
GWADAPT output for this model can only be made with other models, since the site does 
not actually exist, and therefore arguments as to the accuracy of output remain conjectural.
Previous Investigations
Considerable amounts of work and energy is going into the site characterization 
plan for the proposed high level radioactive waste repository at Yucca Mountain. Yet, in the 
U.S Nuclear Waste Technical Review Board’s report to the U.S. Congress and Secretary 
of Energy, at the end of 1993 a specific conclusion reached was that not enough emphasis 
was being placed on determining the mass-transport of radionuclides under partially
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saturated conditions.
Some of the ‘numbers’ that performance assessment groups have been working 
with to base their characterizations are from probabilistic models and analytical 
approximations. In the past few years numerical models for the site’s hydrology have been 
developed and used to determine the importance of specific parameters to the over-all 
hydrological system (Zimmerman and Bodvarsson, 1990; Rockhold etal., 1990; Wittwer 
etal., 1993). Models showing the transport of radionuclides from the proposed repository 
are under testing and development. Unfortunately for comparison purposes publications are 
available for numerical species transport models being developed but not for any of these 
models being applied to two dimensional site specific models of ‘mountain scale’.
Yucca Mountain
NEVADA
Geologic
Strata
Nevada 
Test 
^  Site 'ater Table
Las Vegas
Figure 5 - Location of Yucca Mountain and Potential high-level radioactive waste 
repository, from Sandia Report SAND93-2675 “Total-System Performance Assessment 
for Yucca Mountain SNL Second Iteration (TSPA-1993).”
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Yucca Model
The proposed site of the Yucca Mountain Repository is approximately 300 m. 
above the water table (~1000 m. above sea level). The stratification of the cross section is 
not nearly as detailed as the Savannah River Site’s model but it does contain very distinct 
layering. Table 3, list some of the definable lithological units at the proposed repository 
site. The model was based on a map from the DOE Site Characterization Plan Overview, 
1988. See Figure 6 .
The site characterization of the Yucca Mountain Repository is undergoing constant 
development and change and therefore the information used to make the model used in this 
simulation might be ‘dated’. Figure 7 shows the ‘latest’ design of the Exploratory Studies 
Facility that began construction in early 1994. The Exploratory Studies Facility (ESF) will 
evolve into the repository block should the studies prove the site to be suitable. So, from 
this figure of the ESF it can be seen that the general dimensions and geometries used in the 
GWADAPT model are still a good approximation of the site.
One parameter that is still being debated is whether the repository tunnels will be 
backfilled after the waste is in place. Most hydrological models assume that back fill does 
occur for simplicity of modeling, but it has yet to be decided whether back filling the 
tunnels will occur or not. The model presented here also assumes that the repository 
elements are backfilled and the conductance is approximated as a gravel type media.
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Figure 6  - Cross section of proposed Yucca Mountain Repository Site.
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Figure 7 - Conceptual Illustration of the Exploratory Studies Facility, Yucca Mountain 
Project, No. YMP/CM-0019, Rev. 0, ICN-2.
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The mesh generation for the Yucca Mountain case was relatively simple. The boundary 
conditions of the site proposed the most difficult obstacles. The Ghost Dance Fault (GDF) 
that runs through the proposed repository block site was modeled as an ordinary element 
with an exceptionally high vertical conductance on the order of 1 0 0  times greater than 
neighboring elements, see Figure 8 . The analysis occurs over thousands of years so the 
water table should not be assumed to be at its current level during the whole analysis. An 
average head value for the water table was calculated based on current head and highest 
predicted head values (Winograd etal., 1980; Czamecki, 1985). The bottom of the mesh 
was assigned head values of 791 m. A zero hydraulic flux constraint was used along the 
sides of the mesh. A source hydraulic flux was used along the top of the mesh to simulate 
the water infiltration rate normally seen for the area, 0.10 mm/year (Wittwer etal., 1993). 
Appendix B contains the input file used by GWADAPT for the Yucca Mountain Site 
simulation.
The horizontal conductivity of the various strata was approximated as being equal to 
the vertical conductivity for most elements except the GDF elements. For the upper tuffs
the vertical conductivity, K y y , ranged from 0.004 to 0.0055 m/day, while the lower tuffs
ranged from 0.0007 to 0.0032 m/day ( Natl’ Res. Council, 1992). A contaminant is 
assumed to be leaking from a constant, continuous source during the entire simulation 
which is highly unlikely but definitely a conservative estimate. Figure 8  describes the mesh 
used for the Yucca Mountain Repository simulation.
Of the seventeen lithological layers described and recognized by other modelers 
(Wittwer etal., 1993), there are four main units that have been subdivided into the final 
seventeen, see Table 3.
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Hydrogeological Unit Abbreviation Description 2Permeability (m )
Tiva Canyon (welded) TCw caprock
1 . 0  e' 1 6
lower lithophysae
2 . 0  e' 1 6
vitrophyre
1 . 0  e' 1 6
Paintbrush (non-welded) PTn shardy base
1 . 0  e' 11
non-welded & 
bedded tuff 5.0 e ' 12
non-welded tuff
1 . 0  e 11
Topopah Spring (welded) TSw welded tuff
1 . 0  e 1 6
caprock 4.0 e' 1 4
upper lithophysae 4.0 e 1 6
lithophysae 5.0 e ' 1 6
non-lithophysae 4.0 e ' 16
TSv vitrophyre 1 . 0  e ' 1 6
Calico Hills (non­
welded)
CHn bedded tuff
1 . 0  e ' 11
CHnv vitric 2.0 e 12
non-welded tuff 5.0 e ' 1 2
partly zeolitized
1 . 0  e ' 11
CHnz zeolitized
1 . 0  e ' 11
Table 3 - Lithological layers as described by the LBL/USGS Site-Scale model of the 
unsaturated zone at the proposed Yucca Mountain repository site
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Figure 8  - Mesh used in numerical simulations of Yucca Mountain Repository Site.
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Yucca Results
It must be noted that GWADAPT was not designed for entirely unsaturated models. 
The code was designed to accurately model the saturated zone and the adjoining phreatic 
zone, the zone of transition between the water table and the theoretical region of zero 
saturation. The phreatic zone can range in thickness from a few centimeters to several 
meters depending on the conductivity of the porous medium (Verruijt, 1982). Applying 
GWADAPT to a ‘mountain scale’ model where there is an extended unsaturated zone can 
only be considered an approximation of the hydrological processes of the site.
Results from the numerical simulations are shown in Figures 9a, b, c, d and e.
Note that with a leaking container approximately 600 meters from the fault, the contaminant 
takes approximately 7000 years to reach the water table. However, a contaminant leak 
directly over the fault takes less than 5000 years to reach the water table. This, of course, is 
directly related to the approximations made for the fault characteristic and since actual data 
for the faults at Yucca Mountain is currently being collected the results achieved here could 
be either conservative or liberal. Another interesting case was that of a contaminant source 
under the low side of the mountain, positioned on the repository block away from the fault. 
For this case the contaminant just reaches the water table after 8000 years.
The mesh adaption was crucial for this model since it had such large time steps, 
usually of the order of tens of years. Test runs of this model with the mesh adaption feature 
suppressed generated considerable numerical dispersion, i.e. oscillations consisting of 
unrealistic positive and negative concentration values. This is examplified in Figure 10 
where both grids show the solution after 8000 years, the only difference between the 
models is that 1 0 a used mesh adaption during execution while 1 0 b shows the result without 
mesh adaption. Not only does the contaminant plume for the solution in 10b have a much 
smaller peak concentration than the solution in 16a but to either side of the main plume
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large areas of negative concentration (as low as -493 gm/m ) have developed.
For all of the Yucca Mountain solution profiles the contour plots of the contaminant 
concentration go from 0 to the peak concentration, with a interval of 300 gm/m between 
adjacent contour lines. The plot of the solution achieved without adaption, Figure 10b, has
3 3a minimum concentration of -350 gm/m , but also uses a contour interval of 300 gm/m .
Table 4 shows ‘numerically’ interesting data from the simulation outputs, but since the 
contaminant source term has no scientific backing as to its size or measurement these 
concentration peaks should only be viewed as calibration data.
Simulation
Time
(years)
Numerical
Safety
Factor
Adaption CP Time 
(sec.)
Maximum
Solute
Concentration
(gm/m3)
Minimum
Solute
Concentration
(gm/m3)
2 , 0 0 0 0 . 0 1 0 0 Y 11.188 3007.72 -5.71
4,000 0 . 0 1 0 0 Y 27.204 4051.89 -119.80
6 , 0 0 0 0 . 0 1 0 0 Y 44.894 4459.00 -169.87
8 , 0 0 0 0 . 0 1 0 0 Y 65.062 4548.38 -185.54
1 0 , 0 0 0 0 . 0 1 0 0 Y 85.732 4671.45 -190.68
8 , 0 0 0 0.0017 N 104.153 2900.32 -493.29
Table 4 - Yucca Mountain Simulation Data and Results
The results show how numerical dispersion dominates this model. With mesh 
adaption enabled the contaminant concentration grows and maintains a very steep gradient 
in a relatively small area of the grid, while runs of the model with mesh adaption disabled 
proved to have considerable numerical damping or oscillatory behavior. The safety factors 
for the simulations with adaption are unnecessarily low for the automatically double 
precision Cray Y-MP, but correct if running models on a single precision processor.
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Figure 9 - Contour plots of solute concentration at Yucca Mountain Site after a) 2,000 
years, b) 4 , 0 0 0  years, c) 6 , 0 0 0  years, d) 8 , 0 0 0  years and e) 1 0 , 0 0 0  years.
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Negative
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Figure 10 - GWADAPT Yucca Mountain Solution comparison for 8000 year time 
increment with a) adaption on and b) adaption turned off.
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Savannah River Repository
Fortunately, unlike the Yucca Mountain, there exists actual field data for 
comparison purposes from the Savannah River Site. Because of the data base that was used 
for this analysis and the data that exists about the Savannah River Site it is possible to 
create very useful remediation models. This portion of the GWADAPT study was 
performed to show a general comparison of the code’s output against actual conditions that 
exist at the F-Basin site.
Previous Investigations
In 1953 the discharge of radioactive wastes to the F-Area Seepage Basin Site by the 
atomic energy industry began. Between the years of 1953 and 1961 “nearly 90 percent of 
the 3100 curies discharged to the reactor area seepage basins resulted from a single 
experimental accident.” (Reichart, 1962). Estimates of the amounts of aqueous Tritium 
released to the environment from both the F- and H-Area Basins are about 444,000 curies 
for the years from 1954 to 1988 (Murphy et al., 1991). Data about the amounts and types 
of pollutants at the site is extensive yet no guidelines are set as to good approximations for 
contaminant release. This is probably because it is not necessary to model the contaminant 
release from start to finish as this study does. Currently with the remediation efforts being 
proposed and executed at the site it is more useful to take extensive well data available 
about concentration levels present now and start simulations from that point.
Starting a model from current conditions and proceeding into the future is not as 
useful in the analysis of the effectiveness of mesh adaption. Two main reasons for this 1) 
the more detail put into the initial mesh the finer the initial mesh and 2 ) the model may have 
reached a steady state condition where refinement and unrefinement would not occur in the 
amounts necessary to demonstrate mesh adaption’s ability to resolve gradient fronts.
In the 1993 FTWORK, a model used to simulate the transport of particles at the 
site, was undergoing calibration so that it could be used in remediation design analysis 
(GeoTrans, 1993). The parameters of calibration used are similar to the ones used in this 
study of GWADAPT. F-Area basin to Fourmile Branch creek, source to sink, travel times 
are estimated at Five to Eight years (Killian et al., 1985; Ashley et al., 1982). Also, it was 
important that migration of the contaminant to the lower aquifer did not occur except in 
minute amounts. Historically only trace amounts of Tritium have been recorded there 
(GeoTrans, 1993).
Savannah Model
The location and areal view of the Savannah River Site’s F-Area Basin and other 
Seepage Basins located at the site are shown in Figure 11 for informational purposes. A 
cross sectional view of the F-area Basin at the Savannah River Site as used in this study is 
shown in Figure 12. An intricate system of highly porous aquifers is intermixed with clay 
confining areas and intrusions. This type of groundwater system is virtually impossible to 
model analytically and usually requires a prohibitively detailed mesh in order to achieve any 
reasonable numerical results.
The mesh used to model the Savannah River Site cross section is shown in Figure 
13. The boundary conditions specified for this model were the head values along the top 
and bottom of the mesh and the hydraulic flux along the sides of the mesh. The highest 
head values were 85 m. at the top of the mesh near the basin and the lowest head value was 
50 m. at the river. Also, an outgoing flux (sink) was established at elements near the river. 
As with the Yucca Mountain Repository Block model the solute is released from a 
continuous source, but in this case the source is assume to be submerged into the saturated 
zone. Conductance values for the elements were derived from soil samples typical for the
site. In the aquifer above the clay confining layer k xx = 1.10 (m/day) and K yy = 0.006. The 
lower aquifer has conductivities of k xx =1.2 and K yy = 6  x 10"5. All clay elements were 
assigned conductivities of k xx = 10' 7  and K yy = 6  x 10"5.
62
Figure 11 - Areal diagram of the Savannah River Site, modified from Parizek and Root, 
1986.
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Figure 12 - cross section of storage basin F-3 and surrounding lithology , vertical scale 
exaggerated.
Savannah River Site Model
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Figure 13 - Mesh used to model Savannah River Site
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Savannah Results
The mesh used is relatively coarse which allowed for large initial time steps. Once the 
adaptation of the mesh started, however, the mesh became quite refined very rapidly. The 
solution of the 6  year mark for the solute transport required only a few minutes. The 
solution required magnitudinally more time as the year marks progressed, over 3 hours was 
required for the 15 year solution using the fully optimized version of the code.
As shown in the plots (Figure 15a, b, c, d, and e) of the solute concentration contours and 
the meshes, the results closely follow those that are seen at the actual site, i.e., the quick 
spread of the contamination plume toward the river with only small amounts of spreading 
occurring in the other directions. As noted previously a time to impact of Five to Eight 
years was expected for the source contaminants to reach the Fourmile Branch creek. 
GWADAPT modeled the time to impact at approximately 3 and a half to 4 years which is 
consistent with a conservative model.
The results tend to show that the clay intrusions near the basin source did little to 
hinder the contaminant spread. The clay confining layer, however, played a large role in 
determining the groundwater velocity vectors. Hence the contaminant plume spreads quite 
quickly when it reached the region just above the clay confining layer. Most importantly the 
contaminant migrated very little into the lower aquifer which is consistent with the historical 
data from the site, see Figure 14.
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Figure 14 - Cross-section of contaminant plume as mapped at the Savannah River F-Area 
seepage basin site.
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Figure 15 - Contour plots of solute concentration at Savannah River Site after a) 2 years, b) 
4 years, c) 6  years, d) 10 years and e) 15 years.
CHAPTER 5: GWADAPT ANALYSIS COMPARISON
The best method for assessing the viability of GWADAPT is by comparison with 
other models, both analytical and numerical. It is rare that sufficient field data exist, such as 
in the case of the comparison with the Savannah River Site. For the most part numerical 
models will be used as predictive tools and not historical recreators, so GWADAPT should 
be able to equal or out perform other methods of modeling.
GWADAPT should prove to be considerably different from analytical models in 
ease of use and accuracy. Comparisons against other numerical models will show that 
GWADAPT more efficiently reaches the same or similar conclusions.
Other Codes
Obviously, there are other numerical methods being developed and on the market 
that contribute to the groundwater analysis field. A great number of codes have been in use 
for a decade or more, and because of this have a technical advantage in the amount of 
development the code has undergone. Currently there exist approximately 356 software 
packages that simulate groundwater in one way or another ( Rumbaugh etal., 1993). More 
than half of all codes used to model groundwater are proprietary and therefore not available 
for general public use. The models that are available in the public domain, for free or for 
purchase, approximately 40 are used by more than ten modelers. Table 5 describes the 
general information of the top 6  groundwater modeling codes in use as of 1992 (
Rumbaugh et al., 1993; Anderson and Woessner, 1992).
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Code Name Variably
Saturated
Row
Models
Contaminant
Transport
Mesh
Adaption
Developer
MODFLOW N N N USGS
MOC N Y N USGS
PLASM N N N Illinois Water Survey
SUTRA N Y N USGS
Random Walk N Y N Illinois Water Survey
MODPATH N Y* N USGS
* MODPATH is the solute transport extension for MODFLOW
Table 5 - Top Six Ground-Water modeling software packages, as of May 1992.
The codes that are most popularly used by groundwater modelers are lacking in 
their ability to model unsaturated conditions,as well as contaminant transport. Also, mesh 
adaption is not a feature present in any of the codes listed in Table 5, suggesting that the 
codes could be more efficient.
Unfortunately, the unsaturated conditions and fractured tuff present at the proposed 
Yucca Mountain Repository Block Site exclude the use of the popular codes listed in Table 
5 and require the use of lesser known codes. The GWADAPT code does not currently 
simulate the characteristics of fractured media. Future versions of the code may address this 
type of media due to its importance when performing local model simulations. Two of the 
multi-phase groundwater models selected by the Performance Assessment groups working 
at the Yucca Mountain Site were TOUGH2 and FEHM (Reeves et al., 1993). Both models 
do not meet all of the regulatory requirements that the Civilian Radioactive Waste 
Management System (CRWMS) has emplaced on models that will be used for quality 
affecting work, and therefore the codes are under development. Future versions may 
address some of the differences listed here.
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TOUGH2
TOUGH2, a code developed by Lawrence Berkeley Laboratory (LBL), is receiving 
a great deal of use and attention from several performance assessment groups, such as 
INTERA, TRW and LBL, analyzing the Yucca Mountain site. This code uses an integrated 
finite difference method (Narasimhan, 1976) to discretize the multiphase spatial governing 
equations. One of the main advantages the finite element method has over finite difference 
methods is the ability to model irregularly shaped boundaries. However, the integrated 
finite difference method is able to approximate such model boundaries and is not at a 
disadvantage in that respect (Anderson, 1992). Time discretization is accomplished by a 
fully implicit finite difference procedure of the first order (Pruess, 1987 & 1991). The 
highly non-linear set of algebraic equations that the equivalent continuum model becomes 
are solved using a Newton-Raphson iteration technique. TOUGH2, like GWADAPT, uses 
a modified Darcy’s law to model two-phase flow and does model saturated and variably 
saturated conditions, but the similarities stop there. TOUGH2 and its predecessors were 
specifically designed for unsaturated flow modeling, hence the code accurately accounts for 
‘ mountain scale’ unsaturated zones. TOUGH2 accounts for heat effects by coupling 
conductive and convective heat flows with the fluid flow. TOUGH2 does not model 
contaminant transport, which is often the most useful tool in assessing the performance of a 
repository. Technically the hydrologic modeling performed by TOUGH2 is very extensive 
(9  different relative permeability functions, 8  different capillary pressure functions) and 
allowing of a more accurate steady-state saturation profile. But, for a one-fold increase in 
accuracy of the hydrology of the site there is a ten-fold penalty in the amount of up front 
data and effort required.
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FEHM
FEHM is a multi-dimensional finite element code developed to simulate non- 
isothermal multiphase fluid flow in porous media. The code can handle saturated and 
unsaturated conditions and accounts for the gas and liquid phase interaction according to a 
multiphase extension of Darcy’s law (Zyvoloski, 1992).
Like TOUGH2, FEHM is receiving a lot of attention from the performance 
assessment group at the Yucca Mountain repository site. Previous versions of FEHM could 
not model radionuclide transport in the liquid phase but the just released upgrade FEHMN 
does have solute transport capabilities (Zyvoloski, 1992). Spatial discretization of the fluid 
and heat flow is done by a finite element algorithm. The time discretization is done by a 
simple finite difference approximation, coupled with a Newton-Raphson technique to 
linearize the resulting non-linear set of equations. Linearized equations for pressure, 
saturation, and temperature are solved using a minimum residual scheme, a variant of the 
conjugate gradient approach that can deal with non-symmetric problems.
For the Yucca Mountain study in particular FEHM is an ideal code for 
conceptualizing flow and possible contaminant movement. Currently GWADAPT does not 
model two aspects of flow that are key to the Yucca mountain simulations, and that FEHM 
does currently model. Fractured-How conceptualization can only be achieved with 
GWADAPT by an equivalent continuum approximation which poorly models smaller, local 
simulations while FEHM employs dual permeability and dual porosity methods in order to 
characterize flow in fractures. Secondly, FEHM, and FEHMN, couples heat transport 
effects with the flow solution. Heat effects will definitely play a major role in the 
performance capabilities of the proposed facility.
71
STAFF2D
Another DOE in house code that is comparable to GWADAPT in its application is 
STAFF2D (Solute Transport And Fracture Flow in 2 Dimensions) a 2-D finite element 
code that simulates groundwater flow and solute transport in porous media. While the code 
does account for confined or unconfined aquifers it is, however, a single-phase flow 
modeling code and does not model variably saturated flow or the flow of a second phase 
(i.e., air) (Huyakom etal., 1991). STAFF2D models porous media flow and flow in 
fractured media. Fractured flow is represented by either the dual-porosity or the discrete- 
fracture approach, or a combination of the two approaches. GWADAPT does not account 
for fractured flow characteristics which is crucial for local modeling of a site, when a model 
is of a sufficiently large scale the importance of this ability becomes less important.
Transport in the porous medium is governed by Fick’s law, and like GWADAPT 
the velocity field is assumed to be steady state. Like GWADAPT the model is assumed to 
be isothermal. Interestingly, in the derivation of the transport equation for STAFF2D an 
upstream weighted residual technique was performed that is roughly equivalent to the 
Petrov-Galerkin scheme in that it allows for asymmetric weighting of the integral equation 
based on the flow speed and direction (Huyakom etal., 1991). A direct banded solver is 
used to solve the resulting non-linear set of algebraic equations, for each species 
component since STAFF2D handles more than one contaminant. Also, STAFF2D allows 
for the mixing of triangular and rectangular elements, but does not incorporate any form of 
adaption.
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FTWORK
FTWORK, is a finite difference model that has been used for contracted work at the 
Savannah River Site, particularly to simulate flow and solute transport in porous media for 
the F-Area seepage basin. FTWORK is capable of 3D simulations but is restricted to fully 
saturated groundwater analysis. Like GWADAPT, FTWORK does not explicitly model 
fractured media nor other comprehensive parameters such as heat transport, density 
dependence, deformation, etc.... FTWORK is similar in terms of equations and finite 
difference formulation with the well known groundwater flow model MODFLOW, 
allowing transfer of input data between the two codes (GeoTrans, 1993; McDonald and 
Harbaugh, 1988). Though GWADAPT uses many of the same parameters for input as 
other public domain software packages it currently does not convert other input files for 
execution.
FTWORK accounts for variable spacing and approximations of irregular 
boundaries by using a block centered grid difference scheme, similar to that used by 
TOUGH2. Since the model only handles fully saturated flow, if during a simulation a grid 
block becomes desaturated then that grid block is deleted and not considered in subsequent 
solution iterations. Because of this desaturation effect the code can not model zones that 
become resaturated or upward movements of the water table. The code uses variances of 
the successive over relaxation technique depending on the number of dimensions being 
analyzed.
CHAPTER 6: CLOSING REMARKS
CONCLUSIONS
The adaptive finite element scheme is notably advantageous over traditional finite 
element algorithms. The ease of use and time savings are overly apparent when applying 
adaptive numerical schemes. Meshes do not need to be as definitive as with non-adaptive 
techniques and when unforseen gradient problems arise the mesh corrects itself instead of 
requiring a remodelling. Obviously, by the use of adaption schemes computer system 
memory and storage is saved by not having to handle globally fine meshes. Computational 
speed is also increase by incoiporating adaption in the numerical model due to smaller 
matrix operations and fewer total operations. Numerical dispersion is stabilized and 
minimized due to adaptive technique resolution of steep gradient fronts.
The proposed Yucca Mountain Repository site is hydraulically suitable for storage 
of high level radioactive waste. Estimations that radionuclides would require over ten 
thousand years to reach the water table have been supported. Especially when considering 
the assumptions applied the Yucca Repository Block in this analysis, i.e. it is highly 
unlikely that a container will leak at all but even more unlikely that it would be a continuous 
source for the entire ten thousand year period. The fact that GWADAPT does not explicitly 
model fracture flow should have only minimal effect on the results achieved due to the 
mountain scale model employed. However, local scale models of the proposed repository 
block should not be modeled with GWADAPT until fracture flow considerations are 
addressed. The use of GWADAPT to model large unsaturated zones (over 10 meters in 
thickness) is not recommended since the code was designed from single phase and phreatic 
zone governing equations. The assumption that the model is isothermal can lead to the 
conclusion that air pressure varies little and therefore the governing equations that 
GWADAPT uses are reasonable approximations for larger unsaturated zones, so long as
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the user is willing to acknowledge the limitations of those assumptions.
The Savannah River model effectively simulated the actual field data from the F- 
Area basin surrounding zone. GWADAPT was designed specifically for groundwater 
problems of this type, i.e. unconfined aquifers with complex strata and irregular 
boundaries. As expected the contaminant plume predicted by the code closely matches the 
plume measured at the site. Changes in the contaminant source modeling, and better data 
pertaining to the rate of contaminant intrusion over the first years of basin operation would 
not only make the model more accurate but also allow for calibration analysis.
The numerical model, GWADAPT, is a useful and accurate tool in predicting the 
spread of contaminant plumes into groundwater. Comparisons to other numerical models 
that are being used to simulate groundwater flow and solute transport highlights 
GWADAPT’s advantages and disadvantages as compared to similarly capable codes. In 
some cases it appears that the comparison of GWADAPT with other codes is equivalent to 
the comparison of apples and oranges. Future versions of GWADAPT will undoubtably 
bring the hydrological mechanics of the code closer to the abilities of the codes that have 
been developed by the USGS, DOE and contracted national laboratories. Currently, the 
numerical techniques employed by GWADAPT generally outperform the techniques 
employed by contemporary groundwater transport codes giving GWADAPT a firmer 
foundation to build upon.
SUMMARY
A definite need exists for accurate, inexpensive, and simple to use numerical 
models for the transport of groundwater contaminants. From assessing possible repository 
areas to designing and implementing remediation endeavors the use of such models is 
apparent.
The flexibility and accuracy of the finite element method make it an ideal choice for
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such models and it will continue to be the area of concentration in present and near future 
research and development The model modified and applied in this manuscript is a hybrid 
finite element technique that exploits mesh adaption for increased accuracy and 
computational speed. Applications where finite elements tend to be applied usually are very 
computational taxing, requiring workstation type computer access or better. Many marketed 
finite element codes advertise their ability to be used on personal computers (PCs and 
microcomputers), but the abilities of such codes tend to be limited and lackluster in 
comparison to mainframe versions.
Adapting finite element schemes have been in use in several technical fields for over 
ten years and will eventually become a common addition to many codes. The benefits in 
storage space, ease of mesh designing, computational speed, and most importantly 
numerical accuracy far outweigh the initial difficulties that must be overcome in order to 
modify a numerical scheme to include adaption. As personal computers continue to increase 
in ability and numerical schemes continue to become more computationally ‘ friendly’ there 
will eventually be a convergence of abilities. Adapting mesh schemes will most likely be a 
part of that convergence, particularly due to the RAM savings inherent in not having to use 
globally fine meshes.
The proposed Yucca Mountain Repository Site is currently under a great deal of 
scrutiny and will continue to be so for some time to come. The approximations for 
contaminant transport, if a leak were to occur, all tend to be over ten thousand years to 
water table impact. Investigations of the area’s water table suggest that another ten 
thousand to twenty thousand years before the contaminant plume would reach populated 
regions. All of these approximation assume a continuous release of contaminant, a highly 
unlikely scenario, suggesting that the choice of location for the high level radioactive waste 
repository is hydraulically suitable.
The Savannah River Site F-Area basin provided an example case for the numerical
model. The contaminant plume spread that has been mapped from field data at the site 
closely matched the 2-D plume predicted by the code, see Figure 14. A 3-D model would 
allow a closer examination of the numerical scheme’s ability to model actual data, since 3-D 
data is accessible. Currently a version of GWADAPT with 3-D modeling capabilities is 
under development and has an expected completion date of late 1995.
NOMENCLATURE
C concentration (gm/m3^
R<i retardation factor, typically values of 1 were used
V vector velocity field (m/day)
D vector dispersion tensor (m /day)
S contaminant source / sink (gm/day)
CG mean concentration (initial background value) (gm/m )
F0 concentration mass flux at boundaries (gm/day)
n unit vector normal to the boundaries
h height of the water table (m)
Sh Specific yield
k tensor hydraulic conductivity (m/day)
Q groundwater source / sink (m/day)
Kjj permeability (m/day)
0 effective porosity
hQ initial head (m)
H prescribed head value (m)
nx outward unit normal x vector
ny outward unit normal y vector
Tj boundary group of nodes
Uj Darcy velocity components (m/day)
V absolute fluid flow velocity, |V j = V  u* + uj (m/day)
djj hydrodynamic dispersion tensoral components (m)
Pd molecular diffusion (m2/day)
ax transverse dispersivity (m.)
a L longitudinal dispersivity (m.)
ACemax maximum concentration gradient (gm/m )
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Cj nodal contaminant concentration (gm/m )
a  standard deviation
Ae normalized refinement indicator
LT lower refinement threshold
UT upper refinement threshold
Q computational domain
r  domain boundary
Cnum numerical approximation from concentration trial function (gm/m3)
hnum numerical approximation from groundwater head trial function (m)
W Galerkin weighting function
Vnum numerical approximation of darcy velocity derived from hnum. (m/day) 
N j bilinear isoparametric shape function
Wj Petrov-Galerkin weighting function
he element size parameter
h | horizontal mesh length vector
hT] vertical mesh length vector
De effective diffusion parameter (m2/day)
P species transport equation Peclet number
n number of nodes in current mesh
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The contaminant transport stiffness matrix is defined as,
[K c ] = J VNj -(D • VNj) dQ
expanding to,
fdNj
P d - J  h r 0x51 d x  +D*y ay
a N ; ( a N f a N ; L n   L , n   i.
ay [  ™ ay ax dQ
The hydraulic stiffness matrix is given by,
[Kh] = JV Ni -(K-VNj)dQ
expands in a similar fashion to,
f 0 N i
P d  - i b r
0N;a Nj a Nj 
K*x d x  + K*y dy J + ay K
aNj a N ;
+  K .yy 0y yx dx dQ
The right hand side terms for the contaminant transport equation discretization, the vector 
load terms, are given by,
{Fc } = / N iS d Q +  j N i [ n  (D •VC"m)] dT
q r
expands to,
{Fc} -  J N , [ ( D „  + D j £ ^ - n 1 + (D>j + D j j ) £ E i „ yJd r  + J N , S d n
The vector load terms for the groundwater flow integration are defined as,
{Fh} = jNjQdQ + j N i[ n- (KVh “n) ] d r
expands to,
{F .} -  JN, + K. . ) 7 r r n , + (kd x d r  +
From Chapter 2, the weighted advection term is given by,
[A(Vnum)] = J W i(Nj -Vnum-VNj)dQ
= JW.N j
Q
where Wj is the Petrov-Galerkin weighting function
0 N; 0 N; / g U
u ~5—  + v - 5—  + N i r s - + ox  d y  ' f o x
Also, from chapter 2 the mass matrix is defined by 
[M] = / N ^ d O
Q
and the lumped mass approximation is given by
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OUTPUT FILE OF YUCCA MOUNTAIN REPOSITORY
Stopped after elapsed time of 1000 years, grid adaption has been implemented
TITLE = "2D 
VARIABLES = 
ZONE N= 3 0 4
YUCCA DATA" 
Xf Y , U , V , H , C  
, E «  2 9 3 , F=FEPOINT < — o r i g .  N = 1 9 2 ,  E =165
0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 0 .00009C-
0 . 0 0 0 0 0 7 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 9 7 0 1 7 - 0 . 0 0 0 0 6 C -
0 . 0 0 0 0 0 1 4 3 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 1 . 9 7 3 0 0 - 0 . 0 0 1 5 0
0 . 0 0 0 0 0 2 0 1 . 2 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 5 0 4 2 9 0 . 0 0 7 4 5
0 . 0 0 0 0 0 2 3 3 . 7 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 7 9 9 9 1 - 0 . 0 0 9 7 0
0 . 0 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 9 5 5 6 3 0 . 0 0 0 8 7
0 . 0 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 3 . 1 6 9 8 0 0 . 0 0 0 6 6
0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 3 . 5 0 8 4 8 - 0 . 0 0 0 0 1
0 . 0 0 0 0 0 5 4 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 4 . 5 3 9 4 7 0 . 0 0 0 0 0
0 . 0 0 0 0 0 6 2 0 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 7 4 . 9 7 7 3 2 0 . 0 0 0 0 0
1 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 0 . 0 0 0 7 4
1 0 0 . 0 0 0 0 0 6 9 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 9 5 8 1 6 0 . 0 0 2 1 8
1 0 0 . 0 0 0 0 0 1 3 6 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 1 . 9 0 0 1 2 - 0 . 0 0 0 3 5
1 0 0 . 0 0 0 0 0 1 9 7 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 4 7 1 1 0 - 0 . 0 4 4 1 0
1 0 0 . 0 0 0 0 0 2 2 9 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 7 6 7 6 3 0 . 0 8 2 9 8
1 0 0 . 0 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 9 5 8 3 6 - 0 . 0 0 8 5 8
1 0 0 . 0 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 3 . 1 5 2 2 2 - 0 . 0 1 2 6 8
1 0 0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 3 . 5 0 1 4 7 0 . 0 0 0 6 5
1 0 0 . 0 0 0 0 0 5 3 6 . 2 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 4 . 5 2 3 0 4 0 . 0 0 0 0 0
1 0 0 . 0 0 0 0 0 6 1 5 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 7 4 . 9 1 3 2 9 0 . 0 0 0 0 0
1 0 0 . 0 0 0 0 0 6 6 9 . 5 0 0 0 0 - 0 . 0 0 0 0 1 - 0 . 0 0 0 0 6 5 . 0 4 4 8 5 0 . 0 0 0 0 0
2 5 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 0 . 0 0 3 9 1
2 5 0 . 0 0 0 0 0 6 8 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 9 4 1 6 6 0 . 0 1 9 4 8
2 5 0 . 0 0 0 0 0 1 3 3 . 7 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 1 . 8 5 3 5 5 0 . 0 9 9 2 4
2 5 0 . 0 0 0 0 0 1 9 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 3 7 7 9 6 0 . 0 7 8 5 6
2 5 0 . 0 0 0 0 0 2 2 7 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 7 2 6 6 5 - 0 . 8 3 8 4 7
2 5 0 . 0 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 2 . 9 2 9 8 6 0 . 2 3 9 3 8
2 5 0 . 0 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 3 . 1 1 1 5 3 0 . 2 6 9 0 0
2 5 0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 9 3 . 4 6 9 2 3 - 0 . 0 2 4 4 8
2 5 0 . 0 0 0 0 0 5 2 8 . 7 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 9 4 . 5 0 2 9 2 0 . 0 0 0 0 0
2 5 0 . 0 0 0 0 0 6 0 7 . 5 0 0 0 0 - 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 4 . 9 6 6 9 5 0 . 0 0 0 0 0
2 5 0 . 0 0 0 0 0 7 0 2 . 5 0 0 0 0 - 0 . 0 0 0 0 1 - 0 . 0 0 0 0 6 5 . 3 1 5 5 8 0 . 0 0 0 0 0
3 8 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 0 . 0 1 4 2 0
3 8 0 . 0 0 0 0 0 6 7 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 9 1 6 7 1 0 . 0 9 3 3 0
3 8 0 . 0 0 0 0 0 1 2 7 . 2 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 1 . 7 4 2 4 8 0 . 7 6 1 9 1
3 8 0 . 0 0 0 0 0 1 8 6 . 2 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 2 . 2 8 7 3 8 3 . 1 4 9 4 0
3 8 0 . 0 0 0 0 0 2 2 5 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 2 . 6 4 9 0 1 4 . 7 6 2 5 3
3 8 0 . 0 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 2 . 8 6 1 8 3 - 5 . 4 1 6 2 8
3 8 0 . 0 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 3 . 0 4 6 5 4 - 4 . 5 6 2 6 5
3 8 0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 9 3 . 4 0 6 6 0 0 . 3 8 4 6 2
3 8 0 . 0 0 0 0 0 5 2 5 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 1 0 4 . 4 5 7 8 9 - 0 . 0 0 0 0 1
3 8 0 . 0 0 0 0 0 6 0 3 . 7 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 4 . 9 6 6 1 7 0 . 0 0 0 0 0
3 8 0 . 0 0 0 0 0 7 1 6 . 3 8 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 7 5 . 4 4 5 5 3 0 . 0 0 0 0 0
5 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 0 . 0 2 8 4 6
5 0 0 . 0 0 0 0 0 6 6 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 0 . 8 8 2 5 9 0 . 2 2 1 7 6
5 0 0 . 0 0 0 0 0 1 1 8 . 8 8 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 8 1 . 5 9 5 4 2 2 . 1 8 5 5 8
5 0 0 . 0 0 0 0 0 1 7 8 . 7 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 2 . 1 3 8 6 9 1 5 . 6 7 9 1 3
5 0 0 . 0 0 0 0 0 2 2 1 . 2 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 2 . 5 2 7 6 5 1 5 0 . 5 9 5 6 4
5 0 0 . 0 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 2 . 7 5 9 0 3 8 7 8 . 5 8 7 6 1
5 0 0 . 0 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 2 . 9 4 1 3 8 5 6 7 . 9 2 2 8 0
5 0 0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 9 3 . 3 0 0 1 4 5 . 0 3 8 2 3
5 0 0 . 0 0 0 0 0 5 1 7 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 1 0 4 . 3 0 1 7 1 - 0 . 0 0 0 0 7
5 0 0 . 0 0 0 0 0 6 0 0 . 0 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 9 4 . 8 3 3 6 2 0 . 0 0 0 0 0
5 0 0 . 0 0 0 0 0 7 0 4 . 5 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 5 . 2 7 0 0 9 0 . 0 0 0 0 0
6 3 7 . 5 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 7 0 . 0 0 0 0 0 0 . 0 2 9 2 3
6 3 7 . 5 0 0 0 0 6 5 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 7 0 . 8 2 0 1 6 0 . 2 3 3 9 7
6 3 7 . 5 0 0 0 0 1 1 8 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 7 1 . 4 9 2 0 1 2 . 3 6 1 7 7
6 3 7 . 5 0 0 0 0 1 7 2 . 2 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 7 1 . 9 5 6 8 2 1 5 . 7 5 7 0 0
6 3 7 . 5 0 0 0 0 2 1 3 . 7 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 2 . 3 1 9 6 1 1 3 9 . 1 0 6 0 9
6 3 7 . 5 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 2 . 5 8 3 2 6 1 0 1 3 . 9 0 1 4 1
6 3 7 . 5 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 2 . 7 6 0 1 8 5 5 7 . 3 2 1 1 4
6 3 7 . 5 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 3 . 1 0 8 5 8 4 . 2 2 8 5 6
6 3 7 . 5 0 0 0 0 5 1 0 . 0 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 9 4 . 0 3 7 0 8 - 0 . 0 0 0 1 5
6 3 7 . 5 0 0 0 0 5 8 8 . 7 5 0 0 0 0 . 0 0 0 0 4 - 0 . 0 0 0 0 8 4 . 5 2 2 9 3 0 . 0 0 0 0 0
6 3 7 . 5 0 0 0 0 6 8 0 . 6 3 0 0 0 0 . 0 0 0 0 5 - 0 . 0 0 0 0 7 4 . 9 0 3 8 5 0 . 0 0 0 0 0
7 5 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 7 0 . 0 0 0 0 0 0 . 0 1 5 3 0
7 5 0 . 0 0 0 0 0 6 4 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 7 0 . 7 4 7 6 8 0 . 1 1 2 2 8
7 5 0 . 0 0 0 0 0 1 1 5 . 5 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 7 1 . 3 5 5 9 2 0 . 9 3 1 9 4
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7 5 0 . 0 0 0 0 0 1 6 9 . 5 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 7 1 . 7 8 8 5 5 3 . 8 7 7 1 3
7 5 0 . 0 0 0 0 0 2 1 0 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 7 2 . 1 2 2 5 6 9 . 5 7 1 1 1
7 5 0 . 0 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 7 2 . 3 8 9 1 2 1 . 3 1 6 9 7
7 5 0 . 0 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 2 . 5 5 7 6 6 - 2 . 4 3 9 0 0
7 5 0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 2 . 8 9 4 4 2 - 0 . 3 4 1 3 4
7 5 0 . 0 0 0 0 0 5 0 6 . 2 5 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 9 3 . 7 6 6 1 1 - 0 . 0 0 0 0 1
7 5 0 . 0 0 0 0 0 5 8 1 . 2 5 0 0 0 0 . 0 0 0 0 5 - 0 . 0 0 0 0 8 4 . 1 9 9 0 8 0 . 0 0 0 0 0
7 5 0 . 0 0 0 0 0 6 5 6 . 7 5 0 0 0 0 . 0 0 0 0 6 - 0 . 0 0 0 0 7 4 . 4 8 0 4 7 0 . 0 0 0 0 0
8 8 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 6 0 . 0 0 0 0 0 0 . 0 0 5 0 5
8 8 0 . 0 0 0 0 0 6 3 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 6 0 . 6 3 4 4 5 0 . 0 3 1 1 8
8 8 0 . 0 0 0 0 0 1 1 5 . 2 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 6 1 . 1 6 8 5 6 0 . 1 8 7 9 3
8 8 0 . 0 0 0 0 0 1 6 7 . 7 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 6 1 . 5 4 1 1 0 0 . 4 7 4 8 0
8 8 0 . 0 0 0 0 0 2 0 6 . 2 5 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 7 1 . 8 2 4 2 8 - 0 . 3 4 5 6 2
8 8 0 . 0 0 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 4 - 0 . 0 0 0 0 7 2 . 0 9 2 1 9 - 0 . 3 8 4 7 1
8 8 0 . 0 0 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 4 - 0 . 0 0 0 0 8 2 . 2 5 3 9 4 0 . 1 2 5 3 3
8 8 0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 4 - 0 . 0 0 0 0 8 2 . 5 7 2 4 3 0 . 0 2 3 4 9
8 8 0 . 0 0 0 0 0 5 0 2 . 5 0 0 0 0 0 . 0 0 0 0 4 - 0 . 0 0 0 0 9 3 . 3 9 7 3 0 0 . 0 0 0 0 8
8 8 0 . 0 0 0 0 0 5 6 8 . 1 3 0 0 0 0 . 0 0 0 0 5 - 0 . 0 0 0 0 8 3 . 7 6 8 1 1 0 . 0 0 0 0 0
8 8 0 . 0 0 0 0 0 6 4 5 . 2 5 0 0 0 0 . 0 0 0 0 7 - 0 . 0 0 0 0 6 4 . 0 4 5 6 3 0 . 0 0 0 0 0
1 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 5 0 . 0 0 0 0 0 0 . 0 0 1 3 3
1 0 0 0 . 0 0 0 0 0 6 2 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 5 0 . 4 7 1 8 8 0 . 0 0 5 4 5
1 0 0 0 . 0 0 0 0 0 1 1 2 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 5 0 . 8 8 4 0 0 0 . 0 1 3 6 3
1 0 0 0 . 0 0 0 0 0 1 6 5 . 0 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 5 1 . 1 9 3 6 9 - 0 . 0 3 6 7 5
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1 6 2 5 . 0 0 0 0 0 5 5 . 5 0 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 5 0 . 4 5 6 9 2 0 . 0 0 0 0 0
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1 7 5 0 . 0 0 0 0 0 8 6 . 2 5 0 0 0 0 . 0 0 0 0 0 - 0 . 0 0 0 0 5 0 . 7 1 5 3 8 0 . 0 0 0 0 0
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0 . 0 0 0 0 0 4 5 3 . 0 0 0 0 0 0 . 0 0 0 0 0 - 0  . 0 0 0 0 8 4 . 0 3 9 3 0 0 . 0 0 0 0 0
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6 3 7 . 5 0 0 0 0 4 3 8 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 9 3 . 5 7 7 4 9 - 0 . 0 1 4 8 5
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1 1 1 0 . 0 0 0 0 0 4 3 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 1 5 2 . 5 3 5 5 1 0 . 0 0 0 0 1
1 1 5 2 . 0 0 0 0 0 4 3 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 1 4 2 . 5 1 2 5 6 0 . 0 0 0 0 0
1 2 5 0 . 0 0 0 0 0 4 3 0 . 0 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 7 2 . 2 0 8 7 6 0 . 0 0 0 0 0
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4 4 0 . 0 0 0 0 0 2 2 3 . 1 2 5 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 5 5 . 8 6 9 4 5 < -
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3 8 0 . 0 0 0 0 0 2 4 3 . 7 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 - 0 . 3 4 5 3 3
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4 4 0 . 0 0 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 9 0 . 0 0 0 0 0 2 . 7 3 2 0 6
3 8 0 . 0 0 0 0 0 3 3 0 . 2 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 9 0 . 0 0 0 0 0 - 2 . 0 9 3 2 0
4 4 0 . 0 0 0 0 0 3 3 0 . 2 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 9 0 . 0 0 0 0 0 2 8 . 8 1 7 1 7
5 6 8 . 7 5 0 0 0 2 1 7 . 5 0 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 7 6 . 4 7 2 8 9
6 3 7 . 5 0 0 0 0 2 3 8 . 1 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 4 8 5 . 5 2 5 7 1
5 6 8 . 7 5 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0  . 0 0 0 0 8 0 . 0 0 0 0 0 1 5 6 0 . 3 5 2 5 4
5 6 8 . 7 5 0 0 0 2 4 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 6 8 3 . 0 4 8 8 2
6 3 7 . 5 0 0 0 0 2 8 1 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 0 6 1 . 2 1 4 2 2
5 6 8 . 7 5 0 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 9 3 5 . 8 2 8 4 1
5 6 8 . 7 5 0 0 0 2 8 1 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 7 4 9 . 2 8 8 5 5
6 3 7 . 5 0 0 0 0 3 3 0 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 7 1 . 1 6 1 1 1
5 6 8 . 7 5 0 0 0 3 6 0 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 9 0 . 0 0 0 0 0 4 . 6 8 3 6 5
5 6 8 . 7 5 0 0 0 3 3 0 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 8 8 . 6 3 1 5 8
6 9 3 . 7 5 0 0 0 2 1 2 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 7 0 . 0 0 0 0 0 6 3 . 4 0 5 0 5
7 5 0 . 0 0 0 0 0 2 3 6 . 3 7 5 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 7 0 . 0 0 0 0 0 5 . 4 7 5 5 8
6 9 3 . 7 5 0 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 3 5 . 2 5 2 9 8
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6 9 3 . 7 5 0 0 0 2 8 1 . 2 5 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 0 2 . 0 4 8 1 1
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4 7 0 . 0 0 0 0 0 3 3 0 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 5 3 . 1 0 7 3 7
4 4 0 . 0 0 0 0 0 3 1 5 . 1 2 5 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 4 7 . 8 0 0 1 0
4 7 0 . 0 0 0 0 0 3 1 5 . 1 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 2 3 . 2 6 6 1 3
5 3 4 . 3 7 5 0 0 2 1 9 . 3 7 5 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 6 5 . 9 6 8 1 6
5 6 8 . 7 5 0 0 0 2 2 8 . 7 5 0 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 4 0 2 . 9 1 3 9 8
5 3 4 . 3 7 5 0 0 2 4 0 . 9 3 7 5 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 6 0 2 . 1 2 0 1 9
5 3 4 . 3 7 5 0 0 2 3 0 . 1 5 6 2 5 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 6 5 . 5 0 1 6 9
6 0 3 . 1 2 5 0 0 2 1 5 . 6 2 5 0 0 0 . 0 0 0 0 1 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 5 9 . 9 0 1 6 9
6 3 7 . 5 0 0 0 0 2 2 5 . 9 3 7 5 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 0 0 . 7 0 5 6 3
6 0 3 . 1 2 5 0 0 2 3 9 . 0 6 2 5 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 6 0 9 . 7 2 9 4 0
6 0 3 . 1 2 5 0 0 2 2 7 . 3 4 3 7 5 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 6 2 . 3 0 7 7 7
6 3 7 . 5 0 0 0 0 2 5 0 . 3 1 2 5 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 7 2 2 . 0 8 5 7 5
6 0 3 . 1 2 5 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 4 5 0 . 3 9 9 6 9
5 6 8 . 7 5 0 0 0 2 5 1 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 0 6 5 . 7 0 2 2 6
6 0 3 . 1 2 5 0 0 2 5 0 . 7 8 1 2 5 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 9 5 7 . 1 2 8 3 5
5 3 4 . 3 7 5 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 3 8 4 . 6 5 9 7 2
5 3 4 . 3 7 5 0 0 2 5 1 . 7 1 8 7 5 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 9 2 7 . 0 5 5 0 5
5 6 8 . 7 5 0 0 0 2 7 1 . 8 7 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 8 2 1 . 5 9 1 0 6
5 3 4 . 3 7 5 0 0 2 8 1 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 6 1 2 . 8 4 9 2 2
5 3 4 . 3 7 5 0 0 2 7 1 . 8 7 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 6 5 9 . 7 9 8 4 2
6 3 7 . 5 0 0 0 0 2 7 1 . 8 7 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 1 3 6 . 1 8 7 9 0
6 0 3 . 1 2 5 0 0 2 8 1 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 6 4 5 . 1 6 5 6 7
6 0 3 . 1 2 5 0 0 2 7 1 . 8 7 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 7 1 5 . 4 6 8 4 9
6 3 7 . 5 0 0 0 0 2 9 0 . 6 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 8 5 6 . 2 5 7 3 6
6 0 3 . 1 2 5 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 8 5 4 . 1 2 9 5 0
5 6 8 . 7 5 0 0 0 2 9 0 . 6 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 4 3 5 . 1 0 4 9 3
6 0 3 . 1 2 5 0 0 2 9 0 . 6 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 3 4 6 . 9 2 4 5 9
5 3 4 . 3 7 5 0 0 3 0 0 . 0 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 8 6 1 . 7 0 2 3 8
5 3 4 . 3 7 5 0 0 2 9 0 . 6 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 3 3 8 . 3 0 6 9 0
5 6 8 . 7 5 0 0 0 3 1 5 . 1 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 3 2 . 3 0 5 1 9
5 3 4 . 3 7 5 0 0 3 3 0 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 8 3 . 5 3 0 5 5
5 3 4 . 3 7 5 0 0 3 1 5 . 1 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 2 9 6 . 6 4 7 0 4
6 3 7 . 5 0 0 0 0 3 1 5 . 1 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 2 1 1 . 3 4 5 1 0
6 0 3 . 1 2 5 0 0 3 3 0 . 2 5 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 8 0 . 7 1 0 5 0
6 0 3 . 1 2 5 0 0 3 1 5 . 1 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 2 8 5 . 4 4 2 0 7
6 6 5 . 6 2 5 0 0 2 1 2 . 8 7 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 7 0 . 0 0 0 0 0 1 0 2 . 2 4 8 8 9
6 9 3 . 7 5 0 0 0 2 2 4 . 6 2 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 7 0 . 0 0 0 0 0 9 6 . 8 3 0 4 0
6 6 5 . 6 2 5 0 0 2 3 7 . 6 8 7 5 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 0 0 . 4 2 9 2 0
6 6 5 . 6 2 5 0 0 2 2 5 . 2 8 1 2 5 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 2 0 4 . 8 9 0 4 5
6 9 3 . 7 5 0 0 0 2 4 9 . 8 7 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 3 2 . 7 1 6 9 0
6 6 5 . 6 2 5 0 0 2 6 2 . 5 0 0 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 4 0 0 . 3 2 0 1 2
6 6 5 . 6 2 5 0 0 2 5 0 . 0 9 3 7 5 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 8 4 . 3 7 5 7 7
6 9 3 . 7 5 0 0 0 2 7 1 . 8 7 5 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 1 1 8 . 6 4 7 3 1
6 6 5 . 6 2 5 0 0 2 8 1 . 2 5 0 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 0 0 . 7 2 5 1 3
6 6 5 . 6 2 5 0 0 2 7 1 . 8 7 5 0 0 0 . 0 0 0 0 2 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 3 5 9 . 1 4 0 7 5
6 9 3 . 7 5 0 0 0 2 9 0 . 6 2 5 0 0 0 . 0 0 0 0 3 - 0 . 0 0 0 0 8 0 . 0 0 0 0 0 8 8 . 6 4 8 3 4
94
6 6 5 . 6 2 5 0 0  3 0 0 . 0 0 0 0 0  0 . 0 0 0 0 3
6 6 5 . 6 2 5 0 0  2 9 0 . 6 2 5 0 0  0 . 0 0 0 0 3
6 9 3 . 7 5 0 0 0  3 1 5 . 1 2 5 0 0  0 . 0 0 0 0 3
6 6 5 . 6 2 5 0 0  3 3 0 . 2 5 0 0 0  0 . 0 0 0 0 3
6 6 5 . 6 2 5 0 0  3 1 5 . 1 2 5 0 0  0 . 0 0 0 0 3
1 11  12
2 12 13
3 13 14
4 14 15
5 15 16
6 16 17
7 17 18
177 178  19
9 19 20
11 22 23
12 23  24
13 24  25
14 25  26
15 26 27
16 27 28
17 28  29
178  1 7 9  30
19 30 31
20 31 32
22 33  34
23 34  35
24 35  36
25 36 37
26 37  38
27 38 39
28 39 40
179 1 8 0  41
30 41 42
31 42 43
33 44  45
34 45 46
35 46 47
36 47 48
37 48 49
38 49  50
39 50 51
180 181  52
41 52 53
42 53 54
44 55  56
45 56 57
46 57 58
47 58  59
48 59 60
49 60 61
50 61 62
181 182  63
52 63 64
53 64  65
55 66 67
56 67 68
57 68 69
58 69  70
59 70 71
60 71 72
61 72  73
182 183 74
63 74  75
64 75  76
66 77 78
67 78 79
68 79 80
69 80 81
70 81 82
71 82  83
72 83 84
183 1 8 4  85
74 8 5  86
75 86  87
77 88 89
78 89 90
79 90 91
0 . 0 0 0 0 0  1 8 4 . 3 1 4 5 6
0 . 0 0 0 0 0  2 3 3 . 5 6 6 1 9
0 . 0 0 0 0 0  5 0 . 9 9 4 8 2
0 . 0 0 0 0 0  4 9 . 2 6 2 6 9
0 . 0 0 0 0 0  1 0 9 . 5 9 1 8 5
< - o r i g .  n o d e  a o n n e o t i o n s
- 0 . 0 0 0 0 8
- 0 . 0 0 0 0 8
- 0 . 0 0 0 0 8
- 0 . 0 0 0 0 8
- 0 . 0 0 0 0 8
2
3
4
5
6
7
8
9
10
12
13
14
15
16
17
18
19
20
21
23
24
25
26
27
28
29
30
31
32
34
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
51
52
53
54
56
57
58
59
60
61
62
63
64
65
67
68
69
70
71
72
73
74
75
76
78
79
80
80
81
82
83
184
85
86
88
89
90
91
92
93
94
185
96
97
99
1 0 0
1 0 1
1 0 2
103
104
105
186
107
108
1 1 0
1 1 1
1 1 2
113
114
115
116
187
118
119
12 1
12 2
123
124
125
126
127
188
129
130
132
133
134
135
136
137
138
189
140
141
143
144
145
146
147
148
149
190
151
152
154
155
156
157
158
159
160
191
162
163
95
91 92 81
92 93 82
93 94 83
94 95 84
185 96 85
96 97 86
97 98 87
99 100 89
100 101 90
101 102 91
102 103 92
103 104 93
104 105 94
105 106 95
186 107 96
107 108 97
108 109 98
110 111 100
111 112 101
112 113 102
113 114 103
114 115 104
115 116 105
116 117 106
187 118 107
118 119 108
119 120 109
121 122 111
122 123 112
123 124 113
124 125 114
125 126 115
126 127 116
127 128 117
188 129 118
129 130 119
130 131 120
132 133 122
133 134 123
134 135 124
135 136 125
136 137 126
137 138 127
138 139 128
189 140 129
140 141 130
141 142 131
143 144 133
144 145 134
145 146 135
146 147 136
147 148 137
148 149 138
149 150 139
190 151 140
151 152 141
152 153 142
154 155 144
155 156 145
156 157 146
157 158 147
158 159 148
159 160 149
160 161 150
191 162 151
162 163 152
163 164 153
165 166 155
166 167 156
167 168 157
168 169 158
169 170 159
170 171 160
171 172 161
192 173 162
173 174 163
174 175 164
10
8
18
29
40
51
62
73
84
95
106
117
128
139
150
161
37
193
197
196
38
195
2 0 1
2 0 0
39
199
205
204
48
206
209
194
49
208
2 12
198
50
2 11
215
2 02
59
216
219
207
60
218
2 22
2 1 0
61
2 2 1
225
213
36
226
229
228
47
230
232
227
58
233
235
231
193
236
240
239
197
238
244
243
195
242
248
247
2 0 1
96
20 21 176
18 178 177
29 179 178
40  180 179
51 181 180
62 182 181
73 183 182
84  184 183
95  185  184
106 186 185
117  187 186
128  188 187
139 189 188
150  190 189
161 191 190
172 192 191
193 197 196 < -------- n e w  n o d e  c o n n e c t i o n s
48 194 197
194 49 195
197 195  38
195  201 200
49 198 201
198 50 199
201 199 39
199 2 0 5  204
50 202  205
202 51 203
20 5  203 40
206 209 194
59 207  209
207  60 208
209  208 49
208 212  198
60 210  212
210 61 211
212  211 50
211 215  202
61 213  215
213 62 214
215  214  51
216 219  207
70 217 219
217 71 218
219 218 60
218 222  210
71 220  222
220 72  221
222 221  61
221 225  213
72 223 225
223 73 224
225  2 2 4  62
226 229  228
47 227 229
227 48 193
229 193 37
230 232  227
58 231  232
231 59 206
232 206  48
233 235  231
69 2 3 4  235
2 34  70 216
235  216 59
236 240  239
48 237 240
237 194  238
240 238  197
238 2 4 4  243
1 94  241 244
241 49 242
2 44  242  195
242 248  247
49 2 4 5  248
245  198 246
248 246  201
246 252  251
246
252
251
199
250
256
255
48
257
260
237
206
261
264
258
209
263
268
267
194
259
270
241
49
269
273
245
208
266
276
271
2 12
275
280
279
198
272
282
249
50
281
285
253
2 1 1
278
288
283
59
289
292
262
207
291
295
2 65
60
294
298
2 74
2 1 0
297
301
277
61
300
3 04
286
97
198 249 252
249 50 250
2 5 2 250 199
25 0 256 255
50 253 256
25 3 202 254
25 6 254 205
257 260 237
20 6 258 260
25 8 209 259
26 0 259 194
26 1 264 258
59 262 264
2 6 2 207 263
2 6 4 263 209
26 3 268 267
20 7 265 268
26 5 60 266
268 266 208
25 9 270 241
20 9 267 270
267 208 269
270 269 49
269 273 245
20 8 271 273
271 212 272
273 272 198
2 66 276 271
60 274 276
27 4 210 275
276 275 212
27 5 280 279
210 277 280
277 61 278
280 278 211
272 282 249
212 279 282
279 211 281
282 281 50
281 285 253
211 283 285
283 215 284
2 85 284 202
278 288 283
61 286 288
286 213 287
288 287 215
289 292 262
216 290 292
290 219 291
292 291 207
291 295 265
219 293 295
293 218 294
295 294 60
294 298 274
218 296 298
296 222 297
298 297 210
297 301 277
222 299 301
299 221 300
301 300 61
300 304 286
221 302 304
302 225 303
304 303 213
OUTPUT FILE OF SAVANNAH RIVER SITE
Stopped after elapsed time of 1 year (365 days), just prior to first adaption.
TITLE = "2D 
VARIABLES = 
ZONE N= 306 
10  . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0  
1 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 0 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
7 1 . 0 0 0 0 0
SAVAN F-BA 
X , Y , U , V , H ,  
E= 2 7 2 , F= 
0 . 0 0 0 0 0
7 . 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 2 . 0 0 0 0 0
3 4 . 0 0 0 0 0
3 6 . 0 0 0 0 0
3 8 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 2 . 0 0 0 0 0
4 4 . 0 0 0 0 0
4 6 . 0 0 0 0 0
4 8 . 0 0 0 0 0
5 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
7 . 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 2 . 0 0 0 0 0
3 4 . 0 0 0 0 0
3 6 . 0 0 0 0 0
3 8 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 2 . 0 0 0 0 0
4 4 . 0 0 0 0 0
4 6 . 0 0 0 0 0
4 8 . 0 0 0 0 0
5 0 . 0 0 0 0 0  
0 . 0 0 0 0 07 . 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 2 . 0 0 0 0 0
3 4 . 0 0 0 0 0
3 6 . 0 0 0 0 0
3 8 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 2 . 0 0 0 0 0
4 4 . 0 0 0 0 0
4 6 . 0 0 0 0 0
4 8 . 0 0 0 0 0
5 0 . 0 0 0 0 0  
0 . 0 0 0 0 07. 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 2 . 0 0 0 0 0
3 4 . 0 0 0 0 0
3 6 . 0 0 0 0 0
3 8 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 2 . 0 0 0 0 0
S I N  DATA"
C
FEPOINT 
- 0  . 0 0 0 2 0  
0 . 0 0 0 6 3  
0 . 0 0 1 8 4  
0 . 0 0 0 8 3  
- 0 . 0 0 0 1 8  
- 0 . 0 0 0 0 5  
- 0 . 0 0 5 9 9  
- 0 . 0 1 5 4 2  
- 0 . 0 1 9 7 1  
- 0 . 0 1 4 9 2  
- 0 . 0 0 6 7 1  
- 0 . 0 1 0 0 6  
- 0 . 0 3 0 4 4  
- 0 . 0 4 9 6 5  
- 0 . 2 8 4 1 0  
- 0 . 7 3 7 5 0  
- 0 . 7 1 6 2 0  
- 0 . 4 7 0 9 7  
- 0 . 0 0 0 4 1  
0 . 0 0 1 2 5  
0 . 0 0 3 6 8  
0 . 0 0 1 6 5  
- 0 . 0 0 0 3 5  
- 0 . 0 0 0 0 9  
- 0 . 0 1 1 4 8  
- 0 . 0 2 9 7 0  
- 0 . 0 4 3 1 0  
- 0 . 0 3 3 0 3  
- 0 . 0 0 7 3 7  
- 0 . 0 1 6 0 7  
- 0 . 0 5 6 5 1  
- 0 . 1 1 2 8 4  
- 0 . 3 1 9 1 9  
- 0 . 6 2 9 3 1  
- 0 . 5 6 8 7 3  
- 0 . 3 7 0 3 5  
- 0 . 0 0 0 8 4  
0 . 0 0 2 5 3  
0 . 0 0 7 4 8  
0 . 0 0 3 2 6  
- 0 . 0 0 0 7 2  
- 0 . 0 0 0 0 6  
- 0 . 0 2 1 6 2  
- 0 . 0 5 4 3 5  
- 0 . 0 9 1 9 5  
- 0 . 0 6 5 0 2  
- 0 . 0 0 1 8 3  
- 0 . 0 3 0 6 7  
- 0 . 1 0 7 3 4  
- 0 . 2 0 8 0 9  
- 0 . 3 6 3 5 1  
- 0 . 4 9 3 1 4  
- 0 . 3 9 0 8 7  
- 0 . 2 5 1 5 4  
- 0 . 0 0 1 2 8  
0 . 0 0 3 8 1  
0 . 0 1 1 3 0  
0 . 0 0 4 8 5  
- 0 . 0 0 1 0 9  
0 . 0 0 0 0 0  
- 0 . 0 2 8 8 8  
- 0 . 0 7 2 3 4  
- 0 . 1 1 4 5 2  
- 0 . 0 7 2 0 4  
- 0 . 0 1 4 2 1  
- 0 . 0 7 7 4 9  
- 0 . 1 7 9 4 3  
- 0 . 2 9 9 7 3
- 0 . 0 0 1 1 7  
- 0 . 0 0 1 2 4  
- 0 . 0 0 1 8 5  
- 0 . 0 0 2 5 9  
- 0 . 0 0 2 6 5  
- 0 . 0 0 2 6 0  
- 0 . 0 0 1 7 6  
0 . 0 0 0 7 3  
0 . 0 0 5 1 4  
0 . 0 0 8 9 1  
0 . 0 1 0 9 4  
0 . 0 1 2 1 6  
0 . 0 1 5 7 9  
0 . 0 2 4 2 8  
0 . 0 4 6 0 9  
0 . 0 3 7 0 1  
- 0 . 0 1 6 5 0  
- 0 . 0 4 4 7 8  
- 0 . 0 0 1 1 7  
- 0 . 0 0 1 2 4  
- 0 . 0 0 1 8 5  
- 0 . 0 0 2 5 9  
- 0 . 0 0 2 6 5  
- 0 . 0 0 2 6 0  
- 0 . 0 0 1 8 2  
0 . 0 0 0 4 6  
0 . 0 0 4 8 1  
0 . 0 0 9 8 0  
0 . 0 1 1 4 6  
0 . 0 1 1 1 7  
0 . 0 1 4 5 8  
0 . 0 2 2 4 2  
0 . 0 3 6 6 9  
0 . 0 2 9 4 9  
- 0 . 0 0 5 6 8  
- 0 . 0 2 4 5 8  
- 0 . 0 0 1 1 7  
- 0 . 0 0 1 2 4  
- 0 . 0 0 1 8 5  
- 0 . 0 0 2 5 9  
- 0 . 0 0 2 6 5  
- 0 . 0 0 2 6 1  
- 0 . 0 0 1 9 8  
- 0 . 0 0 0 2 3  
0 . 0 0 2 9 6  
0 . 0 0 5 9 1  
0 . 0 0 7 0 9  
0 . 0 0 7 9 6  
0 . 0 1 1 1 9  
0 . 0 1 6 9 7  
0 . 0 2 1 9 9  
0 . 0 1 9 8 5  
0 . 0 1 3 1 2  
0 . 0 1 0 0 3  
- 0  . 0 0 1 1 7  
- 0 . 0 0 1 2 4  
- 0 . 0 0 1 8 5  
- 0 . 0 0 2 6 0  
- 0 . 0 0 2 6 5  
- 0 . 0 0 2 6 2  
- 0 . 0 0 2 2 0  
- 0 . 0 0 1 1 4  
- 0 . 0 0 0 3 0  
0 . 0 0 0 0 2  
0 . 0 0 1 2 6  
0 . 0 0 3 6 1  
0 . 0 0 6 7 8  
0 . 0 1 0 2 2
0 . 0 0 0 0 0  
4 7 . 9 0 8 3 1  
8 7 . 0 5 5 0 6  
1 4 5 . 2 0 0 0 3  
2 0 7 . 9 0 4 2 2  
2 6 1 . 1 0 2 7 2  
3 1 4 . 1 6 9 5 8  
3 1 4 . 2 9 3 1 8  
3 1 3 . 9 1 8 2 3  
3 1 3 . 0 8 5 8 9  
3 1 1 . 9 0 7 1 5  
3 1 0 . 5 6 8 3 0  
3 0 8 . 9 9 2 0 2  
3 0 6 . 7 0 2 4 2  
3 0 3 . 2 6 3 7 9  
2 9 3 . 0 2 7 9 0  
2 9 1 . 7 7 8 4 5
3 0 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 7 . 9 1 0 7 0
8 7 . 0 3 1 7 8
1 4 5 . 2 0 1 1 5
2 0 7 . 9 0 5 9 7
2 6 1 . 1 0 2 1 1
3 1 4 . 2 3 9 3 0
3 1 4 . 3 8 8 5 8
3 1 4 . 0 6 5 8 9
3 1 3 . 1 9 6 8 1
3 1 1 . 9 1 7 4 6
3 1 0 . 6 0 7 5 0
3 0 9 . 1 5 9 3 0
3 0 7 . 1 0 3 6 1
3 0 3 . 5 5 7 9 6
2 9 9 . 2 7 0 0 8
2 9 7 . 7 7 2 5 7
3 0 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 7 . 9 1 7 9 3  
8 6 . 9 6 1 8 4  
1 4 5 . 2 0 4 5 4  
2 0 7 . 9 1 1 3 1  
2 6 1 . 0 9 9 8 8  
3 1 4 . 4 4 3 4 0  
3 1 4 . 6 5 2 5 6  
3 1 4 . 4 9 9 3 4  
3 1 3 . 7 5 8 2 9  
3 1 1 . 6 6 2 7 2  
3 1 0 . 7 5 9 8 6  
3 0 9 . 6 7 1 3 9  
3 0 8 . 0 2 9 0 5  
3 0 5 . 6 7 5 6 7  
3 0 3 . 1 2 7 2 7  
3 0 1 . 2 0 5 4 6
3 0 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 7 . 9 3 0 7 8  
8 6 . 8 3 8 2 8  
1 4 5 . 2 0 8 8 8  
2 0 7 . 9 2 7 9 7  
2 6 1 . 3 7 0 7 2  
3 1 4 . 7 7 3 7 0  
3 1 5 . 0 7 6 1 1  
3 1 5 . 0 9 0 3 6  
3 1 5 . 2 5 8 5 5  
3 1 1 . 2 4 2 8 3  
3 1 1 . 0 7 0 6 8  
3 1 0 . 5 0 8 0 1  
3 0 9 . 5 4 4 0 7
0 . 0 0 0 0 0  
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3 2 0 . 8 4 4 3 8  
3 2 1 . 6 7 4 8 3  
3 2 4 . 0 0 3 4 6  
3 2 9 . 1 4 1 1 9  
3 3 7 . 4 8 7 3 9  
3 4 9 . 4 4 6 5 9  
3 6 3 . 9 4 7 0 0  
3 8 0 . 2 0 6 6 6
3 9 9 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 8 . 1 8 5 3 9  
8 4 . 6 6 5 2 9  
1 4 5 . 3 6 5 0 1  
2 0 8 . 0 8 6 2 4  
2 6 3 . 2 5 3 8 4  
3 1 7 . 6 7 5 0 6  
3 1 8 . 1 7 4 8 3  
3 1 9 . 4 2 7 4 5  
3 2 1 . 7 8 7 4 8  
3 2 3 . 9 4 0 3 4  
3 2 8 . 6 2 7 9 1  
3 3 6 . 4 2 1 6 1  
3 4 8 . 9 6 8 5 1  
3 6 5 . 4 5 2 0 7  
3 8 2 . 5 4 5 5 2  
4 0 2 . 5 3 1 0 2
4 2 6 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 8 . 2 8 6 0 7  
8 3 . 9 0 7 1 6  
1 4 5 . 4 5 2 2 8  
2 0 8 . 0 8 9 7 9  
2 6 3 . 2 6 6 9 7  
3 1 8 . 1 3 2 0 6  
3 1 8 . 6 8 7 3 2  
3 1 9 . 5 7 6 0 8  
3 2 3 . 3 9 3 9 9  
3 2 5 . 8 8 1 6 5  
3 3 3 . 9 5 9 5 1  
3 4 3 . 1 8 9 5 0  
3 6 2 . 8 0 9 7 1  
3 8 1 . 7 5 6 0 9  
3 9 8 . 2 7 0 2 8  
4 2 8 . 2 5 4 6 4
4 5 3 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 8 . 4 0 9 8 0
8 3 . 0 2 8 0 3
1 4 5 . 5 6 8 8 1
2 0 8 . 0 8 1 7 6
2 6 3 . 2 8 9 0 6
3 1 8 . 5 1 2 2 0
3 1 9 . 1 1 4 7 7
3 1 9 . 9 4 8 9 0
3 2 6 . 2 9 4 6 8
3 2 7 . 6 1 5 8 5
3 4 1 . 6 0 7 2 2
3 4 5 . 9 6 6 7 1
3 7 9 . 3 2 5 3 8
3 9 3 . 5 6 7 4 2
4 0 2 . 8 2 0 5 0
4 5 6 . 8 3 7 7 5
4 8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 8 . 7 7 1 5 8
8 0 . 6 9 5 3 5
1 4 5 . 9 5 0 2 8
2 0 8 . 0 1 4 8 9
2 6 3 . 3 5 9 8 4
0 . 0 0 0 0 0  
0 . 0 0 0 0 0
0 . 0 0 0 0 4
0 . 0 0 0 4 2
0 . 0 0 3 0 6
0 . 0 2 1 1 8
0 . 0 6 1 4 9
0 . 1 7 0 4 5
0 . 4 1 1 0 9
0 . 6 2 6 8 1
0 . 7 6 1 7 1
0 . 8 3 1 0 3
0 . 8 3 0 5 8
0 . 7 7 5 0 2
0 . 6 7 0 2 7
0 . 5 3 6 1 2
0 . 4 5 5 2 5
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0
0 . 0 0 0 0 4
0 . 0 0 0 4 4
0 . 0 0 3 1 8
0 . 0 2 2 5 3
0 . 0 7 3 9 2
0 . 2 5 7 0 6
0 . 6 5 6 0 9
1 . 0 8 0 0 6
1 . 4 3 7 0 1
1 . 6 1 9 5 3
1 . 5 7 1 3 7
1 . 4 0 4 5 5
1 . 1 5 4 7 3
0 . 9 8 0 5 8
0 . 8 7 7 0 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 5
0 . 0 0 0 4 7
0 . 0 0 3 3 1
0 . 0 2 1 9 2
0 . 0 7 2 1 9
0 . 3 0 9 8 0
0 . 8 9 2 8 7
1 . 7 0 0 1 8
2 . 6 6 9 1 8
3 . 4 5 5 4 2
3 . 5 8 5 9 1
2 . 9 7 3 6 0
2 . 0 3 5 4 9
1 . 8 6 2 9 6
1 . 8 4 0 3 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 5
0 . 0 0 0 5 6
0 . 0 0 4 1 4
0 . 0 2 7 8 5
0 . 0 8 8 1 2
0 . 3 9 7 4 9
1 . 2 6 2 2 7
2 . 7 5 9 6 1
4 . 9 2 9 3 4
7 . 4 0 8 8 2
8 . 8 2 9 7 4
7 . 5 5 2 6 0
4 . 3 6 7 2 6
2 . 7 9 1 9 7
2 . 8 3 8 6 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 4
0 . 0 0 0 4 1
0 . 0 0 3 2 2
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 2 5 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
3 5 7 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
4 2 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
2 9 5 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
3 9 0 . 0 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 5 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 5 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 5 . 0 0 0 0 0
6 0 . 0 0 0 0 0
6 5 . 0 0 0 0 0
7 0 . 0 0 0 0 0
7 5 . 0 0 0 0 0
8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
7 . 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 5 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 5 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 5 . 0 0 0 0 0
6 0 . 0 0 0 0 0
6 5 . 0 0 0 0 0
7 0 . 0 0 0 0 0
7 5 . 0 0 0 0 0
8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
7 . 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 5 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 5 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 5 . 0 0 0 0 0
6 0 . 0 0 0 0 0
6 5 . 0 0 0 0 0
7 0 . 0 0 0 0 0
7 5 . 0 0 0 0 0
8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
7 . 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 5 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 5 . 0 0 0 0 0
5 0 . 0 0 0 0 0
5 5 . 0 0 0 0 0
6 0 . 0 0 0 0 0
6 5 . 0 0 0 0 0
7 0 . 0 0 0 0 0
7 5 . 0 0 0 0 0
8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
7 . 0 0 0 0 0
1 2 . 0 0 0 0 0
1 6 . 0 0 0 0 0
2 0 . 0 0 0 0 0
2 3 . 5 0 0 0 0
2 7 . 0 0 0 0 0
3 0 . 0 0 0 0 0
3 5 . 0 0 0 0 0
4 0 . 0 0 0 0 0
4 5 . 0 0 0 0 0
- 0 . 0 0 6 4 0  
- 0 . 0 3 4 6 3  
- 0 . 0 5 4 1 9  
- 0 . 0 8 1 9 8  
- 0 . 0 8 8 8 5  
- 0 . 1 0 5 5 1  
- 0 . 0 7 8 5 1  
- 0 . 0 2 9 5 1  
- 0 . 1 3 7 2 4  
- 0 . 1 3 7 7 0  
- 0 . 0 0 7 6 2  
0 . 0 2 3 6 7  
- 0 . 0 2 3 4 5  
0 . 0 2 8 8 3  
0 . 0 7 1 0 0  
0 . 0 1 4 6 2  
- 0 . 0 0 1 8 8  
- 0 . 0 0 0 3 1  
- 0 . 0 1 2 4 2  
0 . 0 0 2 6 3  
- 0 . 0 1 9 0 6  
- 0 . 0 7 0 2 0  
- 0 . 0 9 7 0 8  
0 . 0 0 2 6 7  
0 . 0 4 8 7 4  
- 0 . 1 4 4 4 1  
- 0 . 0 3 8 5 2  
0 . 0 7 7 3 0  
- 0 . 1 3 3 7 1  
- 0 . 2 3 0 3 1  
- 0 . 0 3 9 2 3  
0 . 0 4 1 1 4  
0 . 0 8 5 3 6  
0 . 0 0 1 1 9  
0 . 0 0 0 8 7  
- 0 . 0 0 0 4 4  
- 0 . 0 0 2 7 7  
0 . 0 0 4 9 1  
0 . 0 0 5 7 3  
- 0 . 0 2 6 7 7  
- 0 . 0 3 5 1 9  
0 . 0 2 5 0 1  
0 . 0 3 3 4 2  
- 0 . 0 5 1 0 7  
- 0 . 0 0 1 5 3  
0 . 0 4 9 5 5  
- 0 . 0 5 2 4 2  
- 0 . 1 0 4 8 3  
- 0 . 0 1 0 3 4  
0 . 0 1 7 4 3  
0 . 0 5 6 0 6  
0 . 0 2 3 3 8  
- 0 . 0 0 4 8 5  
- 0 . 0 0 0 0 6  
- 0 . 0 0 7 3 1  
- 0 . 0 5 6 5 3  
- 0 . 0 4 0 4 7  
- 0 . 1 0 6 4 4  
- 0 . 1 0 6 4 4  
- 0 . 1 4 1 5 4  
- 0 . 1 4 1 5 4  
- 0 . 0 4 7 5 6  
- 0 . 2 0 6 0 2  
- 0 . 1 5 8 4 7  
- 0 . 0 7 2 8 2  
- 0 . 1 4 5 6 4  
- 0  . 0 3 6 0 5  
0 . 0 3 9 2 9  
0 . 0 8 0 4 2  
0 . 0 0 2 0 6  
0 . 0 0 1 4 7  
- 0 . 0 0 0 7 8  
- 0 . 0 0 7 6 5  
0 . 0 0 9 6 3  
0 . 0 1 2 6 8  
- 0 . 0 5 2 9 4  
- 0 . 0 7 6 6 9
- 0 . 0 0 2 5 9  
- 0 . 0 0 3 5 4  
- 0 . 0 0 8 3 7  
- 0 . 0 0 9 3 3  
- 0 . 0 0 8 5 8  
- 0 . 0 1 2 3 2  
- 0 . 0 3 2 5 6  
- 0 . 0 4 1 5 0  
- 0 . 0 3 0 3 4  
- 0 . 0 5 6 5 4  
- 0 . 0 7 0 7 2  
- 0 . 0 5 7 5 8  
- 0 . 0 0 1 2 0  
- 0 . 0 0 1 1 2  
- 0 . 0 0 1 8 5  
- 0 . 0 0 2 7 7  
- 0 . 0 0 2 6 8  
- 0 . 0 0 2 7 2  
- 0 . 0 0 2 6 9  
- 0 . 0 0 2 9 8  
- 0 . 0 0 7 6 3  
- 0 . 0 1 0 4 1  
- 0 . 0 1 3 5 7  
- 0 . 0 1 7 6 5  
- 0 . 0 3 3 0 9  
- 0 . 0 3 9 5 3  
- 0 . 0 2 8 2 3  
- 0 . 0 5 3 4 0  
- 0 . 0 6 5 1 1  
- 0 . 0 5 0 0 6  
- 0 . 0 0 1 2 3  
- 0 . 0 0 1 0 6  
- 0 . 0 0 1 8 3  
- 0 . 0 0 2 8 7  
- 0 . 0 0 2 6 8  
- 0 . 0 0 2 7 3  
- 0 . 0 0 3 0 9  
- 0 . 0 0 3 1 3  
- 0 . 0 0 1 7 0  
- 0 . 0 0 5 0 3  
- 0 . 0 1 4 2 8  
- 0 . 0 1 7 1 5  
- 0 . 0 0 8 4 0  
- 0 . 0 1 0 9 8  
- 0 . 0 2 2 3 9  
- 0 . 0 1 3 3 4  
- 0 . 0 1 3 0 2  
- 0 . 0 2 3 6 8  
- 0 . 0 0 1 1 9  
- 0 . 0 0 1 1 7  
- 0 . 0 0 1 8 5  
- 0 . 0 0 2 7 0  
- 0 . 0 0 2 6 9  
- 0 . 0 0 2 7 1  
- 0 . 0 0 3 0 1  
- 0 . 0 0 5 1 0  
- 0 . 0 0 3 1 9  
- 0 . 0 0 4 3 5  
- 0 . 0 0 4 4 6  
- 0 . 0 1 0 3 4  
- 0 . 0 1 0 6 8  
- 0 . 0 1 8 7 1  
- 0 . 0 4 1 8 8  
- 0 . 0 2 4 6 8  
- 0 . 0 3 1 7 0  
- 0 . 0 6 1 5 2  
- 0 . 0 0 1 2 2  
- 0 . 0 0 1 0 8  
- 0 . 0 0 1 8 4  
- 0 . 0 0 2 8 3  
- 0 . 0 0 2 6 8  
- 0 . 0 0 2 7 3  
- 0 . 0 0 3 0 2  
- 0 . 0 0 4 0 7  
- 0 . 0 0 2 4 7  
- 0 . 0 0 6 8 2  
- 0 . 0 1 5 3 3
3 1 8 . 9 9 0 5 6
3 1 9 . 2 4 1 2 5
3 2 2 . 9 1 3 0 1
3 2 8 . 0 4 5 3 5
3 3 3 . 9 9 3 3 2
3 4 2 . 6 9 0 0 5
3 5 5 . 6 9 2 7 0
3 8 3 . 9 2 9 6 5
3 9 2 . 5 9 4 6 9
4 1 5 . 8 9 4 3 1
4 6 2 . 3 9 8 6 2
4 8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 9 . 0 3 1 8 2
7 9 . 1 7 1 7 4
1 4 6 . 2 5 1 7 4
2 0 7 . 9 4 1 5 6
2 6 3 . 4 1 2 3 6
3 1 9 . 1 4 9 6 5
3 1 9 . 6 1 1 5 9
3 2 2 . 2 3 0 0 9
3 3 1 . 1 4 6 7 5
3 3 8 . 0 4 8 5 1
3 4 1 . 5 9 6 0 8
3 5 5 . 5 3 0 4 8
3 8 4 . 9 2 2 3 6
3 9 4 . 6 0 8 1 8
4 1 6 . 2 6 3 8 9
4 6 3 . 5 6 3 8 9
4 8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
5 0 . 4 6 1 6 6
7 2 . 0 0 0 0 0
1 4 5 . 9 9 9 3 5
2 0 8 . 0 3 0 7 1
2 6 3 . 3 8 4 9 5
3 1 9 . 4 5 9 7 4
3 2 0 . 0 1 8 9 8
3 2 0 . 7 2 5 2 4
3 3 5 . 6 2 4 2 3
3 3 8 . 1 5 3 0 1
3 4 3 . 5 4 6 9 6
3 4 7 . 2 2 7 9 8
3 9 2 . 3 7 5 9 1
3 9 7 . 5 3 9 3 3
4 0 3 . 1 9 6 1 4
4 7 4 . 2 5 9 8 8
4 8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 8 . 5 7 2 3 9  
8 1 . 9 4 2 1 6  
1 4 5 . 7 3 3 8 0  
2 0 8 . 0 5 8 0 4  
2 6 3 . 3 2 0 4 3  
3 1 8 . 7 3 4 6 3  
3 1 9 . 4 7 9 4 6  
3 2 0 . 8 1 6 8 3  
3 2 8 . 3 4 1 6 2  
3 2 9 . 6 4 6 8 3  
3 4 4 . 9 5 3 1 3  
3 4 8 . 0 6 5 1 7  
3 8 4 . 1 6 2 7 9  
3 9 3 . 8 6 9 3 6  
4 0 5 . 2 8 8 5 2  
4 6 4 . 4 9 7 7 7
4 8 0 . 0 0 0 0 0  
0 . 0 0 0 0 0
4 9 . 6 6 0 7 6  
7 5 . 9 3 7 9 2  
1 4 6 . 0 7 3 6 3  
2 0 8 . 0 0 5 1 8  
2 6 3 . 3 9 2 7 0  
3 1 9 . 3 4 1 8 8  
3 2 0 . 0 0 3 1 3  
3 2 0 . 9 9 6 4 6  
3 3 4 . 7 6 5 4 3  
3 3 7 . 8 1 9 1 3
0 . 0 2 2 8 0  
0 . 1 1 0 5 8  
0 . 4 9 9 2 7  
1 . 5 6 2 3 8  
4 . 1 0 3 4 3  
9 . 6 5 5 6 8  
1 7 . 8 8 3 9 7  
2 5 . 4 1 8 5 2  
3 4 . 5 4 3 3 5  
4 6 . 9 5 8 5 4  
4 8 . 3 6 5 4 1  
4 5 . 5 0 7 7 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 2  
0 . 0 0 0 2 2  
0 . 0 0 1 4 2  
0 . 0 0 9 8 5  
0 . 0 5 0 4 3  
0 . 2 9 0 3 2  
1 . 1 1 4 7 2  
2 . 9 0 5 1 3  
6 . 6 7 0 5 3  
9 . 6 7 0 8 3  
1 5 . 1 9 7 0 9  
2 8 . 1 3 5 5 7  
3 5 . 3 7 3 3 1
36 . 6 7 8 5 0
37 . 0 1 7 2 1  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 1  
0 . 0 0 0 0 8  
0 . 0 0 0 4 8  
0 . 0 0 2 4 7  
0 . 0 0 8 1 1  
0 . 0 4 1 6 4  
0 . 1 6 1 0 7  
0 . 3 9 0 6 0  
0 . 5 1 9 3 1  
0 . 3 2 2 4 5  
0 . 1 5 1 3 0
- 0 . 2 2 5 4 8  
0 . 5 1 4 9 9  
0 . 5 1 4 6 1  
- 0 . 9 2 0 3 8  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 1  
0 . 0 0 0 0 6  
0 . 0 0 0 5 9  
0 . 0 0 4 7 6  
0 . 0 3 4 5 8  
0 . 1 2 2 4 8  
0 . 5 1 7 9 1  
1 . 6 3 4 8 3  
4 . 0 3 9 5 4  
8 . 0 5 5 1 8  
1 2 . 8 0 9 0 8  
1 8 . 8 5 4 0 6  
2 1 . 4 5 7 3 0  
1 8 . 0 0 0 7 4  
8 . 8 7 0 6 8  
3 . 6 1 2 1 7  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 1  
0 . 0 0 0 1 2  
0 . 0 0 0 7 2  
0 . 0 0 4 8 9  
0 . 0 1 8 5 4  
0 . 0 9 4 8 3
0 . 4 7 6 6 4  
1 . 2 8 1 2 2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
73
74
102
5 0 . 0 0 0 0 0 0 . 0 4 9 6 4
5 5 . 0 0 0 0 0 0 . 0 7 3 3 9
6 0 . 0 0 0 0 0 - 0 . 1 1 9 9 9
6 5 . 0 0 0 0 0 - 0 . 0 0 2 8 7
7 0 . 0 0 0 0 0 0 . 1 1 7 1 2
7 5 . 0 0 0 0 0 - 0 . 1 2 3 5 9
8 0 . 0 0 0 0 0 - 0 . 2 4 7 1 8
19 20
20 21
21 22
22 23
23 24
24 25
25 26
26 27
27 28
28 29
29 30
30 31
31 32
32 33
33 34
34 35
35 36
37 38
38 39
39 40
40 41
41 42
42 43
43 44
44 45
45 46
46 47
47 48
48 49
49 50
50 51
51 52
52 53
53 54
55 56
56 57
57 58
58 59
59 60
60 61
61 62
62 63
63 64
64 65
65 66
66 67
67 68
68 69
69 70
70 71
71 72
73 74
74 75
75 76
76 77
77 78
78 79
79 80
80 81
81 82
82 83
83 84
84 85
85 86
86 87
87 88
88 89
89 90
91 92
92 93
3 4 3 . 5 0 5 9 5  2 . 0 5 3 1 0
3 4 8 . 7 5 7 8 0  2 . 4 6 2 2 1
3 9 0 . 4 3 3 2 0  3 . 2 1 0 5 3
3 9 7 . 2 0 6 9 6  5 . 7 5 0 9 1
4 0 5 . 7 3 5 5 8  3 . 3 3 5 9 3
4 7 1 . 9 2 4 9 8  2 . 8 6 8 1 8
4 8 0 . 0 0 0 0 0  8 . 7 5 2 4 4
- 0 . 0 2 0 6 5
- 0 . 0 1 2 6 0
- 0 . 0 1 2 7 9
- 0 . 0 3 0 9 3
- 0 . 0 1 9 8 9
- 0 . 0 1 7 3 7
- 0 . 0 3 2 5 8
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
74
75
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
109
110
111
112
113
114
115
116
117
118
119
120
12 1
122
123
124
125
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
145
146
147
148
149
150
151
152
153
154
155
103
93 94 76
94 95 77
95 96 78
96 97 79
97 98 80
98 99 81
99 100 82
100 101 83
101 102 84
102 103 85
103 104 86
104 105 87
105 106 88
106 107 89
107 108 90
109 110 92
110 111 93
111 112 94
112 113 95
113 114 96
114 115 97
115 116 98
116 117 99
117 118 100
118 119 101
119 120 102
120 121 103
121 122 104
1 22 123 105
123 124 106
1 24 125 107
1 25 126 108
127 128 110
128 129 111
129 130 112
130 131 113
131 132 114
132 133 115
133 134 116
1 3 4 135 117
1 35 136 118
136 137 119
137 138 120
138 139 121
139 140 122
140 141 123
141 142 124
142 143 125
143 144 126
1 45 146 128
146 147 129
147 148 130
148 149 131
1 49 150 132
150 151 133
151 152 134
1 52 153 135
153 154 136
1 54 155 137
1 55 156 138
156 157 139
157 158 140
158 159 141
159 160 142
160 161 143
161 162 144
163 164 146
1 6 4 165 147
1 65 166 148
166 167 149
167 168 150
168 169 151
169 170 152
170 171 153
171 172 154
172 173 155
173 174 156
156
157
158
159
160
161
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
199
2 0 0
2 0 1
2 0 2
203
2 04
2 05
206
207
208
209
210
2 1 1
212
213
214
21 5
217
218
219
2 2 0
221
222
223
22 4
225
226
227
228
229
230
231
232
233
235
236
237
104
174 175 157
175 176 158
176 177 159
177 178 160
178 179 161
179 180 162
181 182 164
182 183 165
183 184 166
184 185 167
185 186 168
186 187 169
187 188 170
188 189 171
189 190 172
190 191 173
191 192 174
192 193 175
193 194 176
194 195 177
195 196 178
196 197 179
197 198 180
199 200 182
200 201 183
201 202 184
202 203 185
203 204 186
204 205 187
205 206 188
206 207 189
207 208 190
208 209 191
209 210 192
210 211 193
211 212 194
212 213 195
213 214 196
214 215 197
215 216 198
271 272 200
272 273 201
273 274 202
274 275 203
275 276 204
276 277 205
277 278 206
278 279 207
279 280 208
280 281 209
281 282 210
282 283 211
283 284 212
284 285 213
2 85 286 214
286 287 215
287 288 216
235 236 218
236 237 219
237 238 220
238 239 221
239 240 222
240 241 223
24 1 242 224
242 243 225
243 244 226
244 245 227
24 5 246 228
246 247 229
247 248 230
248 249 231
249 250 232
250 251 233
251 252 234
289 290 236
290 291 237
291 292 238
238
239
240
241
242
243
244
245
246
247
248
249
250
251
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
105
292 293 239
2 93 294 240
2 9 4 295 241
2 9 5 296 242
296 297 243
297 298 244
2 98 299 245
299 300 246
3 0 0 301 247
301 302 248
302 303 249
3 03 304 250
3 0 4 305 251
3 0 5 306 252
217 218 272
218 219 273
219 220 274
2 20 221 275
221 222 276
222 223 277
223 224 278
224 225 279
2 25 226 280
226 227 281
227 228 282
228 229 283
229 230 284
230 231 285
231 232 286
232 233 287
233 234 288
253 254 290
2 54 255 291
2 55 256 292
256 257 293
257 258 294
258 259 295
259 260 296
260 261 297
261 262 298
262 263 299
263 264 300
264 265 301
265 266 302
266 267 303
267 268 304
268 269 305
269 270 306
APPENDIX C: INPUT FILES
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PARAMETER FILE FOR YUCCA MOUNTAIN
File that does not have graphics capabilities but the Cray optimizations are fully employed
Parameter File for Swadapt2d
*  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  *  *  *  * * * * * * * * * * * * * * *  idr *  *
FILENAMES INFORMATION 
★******************************************************************* 
ground.dat Mesh Filename
ground.out Solution Filename
ground.rst Restart Filename
NUMERICAL METHOD
********************************************************************
4 No. Gauss Points
4 No. Nodes/Element
0 Echo Input File(0/1)
0 Restart File(0/I)
10 Residual Print Interval
3650000 Max No. Iterations (days)
10.00 Time Step (days)
0.055 Time Step Safety Factor
0 Linear solver used (0-cholesky,
1-Cray_direct,
2-Cray_conj_grad_5%,
3-cray_conj_grad_10%,etc)
MATERIAL PROPERTIES AND COEFFICIENTS 
** ** ** * * * * * * ** * * * * *** ** ** ** * * *** *** ************ ************** * ******
0.018 Longitudinal Dispersion Coef. (m*2/day)
0.0018 Transverse Dispersion Coef. (m~2/day)
0.00000864 Molecular Diffusion Coef. (m*2/day)
4.00 Longitudinal Tortuosity Factor
2.00 Transverse Tortuosity Factor
0.20 Porosity
1.00 Retardation Factor
0.00 Radioactive Decay Constant
0.00 Biodegradation Coef.
0.00 Volatization Coef.
0.00 Precipitation Coef.
1.00 Homogeneous Saturated Thickness (m)
MESH ADAPTATION PARAMETERS 
****************************************************************
1 Mesh Adaptation(0/1)
2 Max No. Levels
5000 Max No. Refinements
. 8 Upper Refinement Factor
.2 Lower Refinement Factor
90 Minimum Adaptation Interval
GRAPHICS DISPLAY PARAMETERS 
******************************************************************** 
5 Graphics Print Interval
0 Graphics Display(0-3)
0-None
1-Mesh
2-Solution
3-Mesh S Solution
***** notes *****
1. A VALUE OF 0=NO AND A 1=YES
2. THE INPUT LINES ABOVE MUST HAVE THE FOLOWING FORMAT: 
________________________ =_VALUE
3. IF LESS THEN 5% OF STIFFNESS MATRIX IS NON-ZERO TERMS THEN USE 
LINEAR SOLVER OPTION 2, LESS THAN 10% USE 3, 15% USE 4, ETC. . .
4. IF SYSTEM HAS LESS THAN 500 NODES THEN THE USE OF THE CONJUGATE
GRADIENT SOLVER HAS LITTLE ADVANTAGE OVER THE DIRECT SOLVERS.
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INPUT FILE FOR YUCCA MOUNTAIN
2D YUCCA DATA
192 165
1 0 . 0 0 0 . 0 0
2 0 . 0 0 70 . 00
3 0 . 0 0 143 . 00
4 0 . 0 0 201 . 25
5 0 . 0 0 233 . 75
6 0 . 0 0 262 . 50
7 0 . 0 0 300 . 00
8 0 . 0 0 360 . 50
9 0 . 0 0 540 . 00
10 0 . 0 0 620, . 00
11 100 . 0 0 0 . 00
12 100 . 0 0 69 . 00
13 100 . 0 0 136 . 50
14 100 . 0 0 197 . 50
15 100 . 0 0 229 . 00
16 100 . 0 0 262 . 50
17 100 . 0 0 300 . 00
18 100 . 0 0 360 . 50
19 100 . 0 0 536 . 25
20 100 . 0 0 615 , .00
21 100 . 0 0 669 . 50
22 250 . 00 0 . 00
23 250 . 0 0 68, . 00
24 250 . 0 0 133, . 75
25 250 . 0 0 190, . 00
26 250 . 0 0 227 . 00
27 250 . 0 0 262 . 50
28 250 . 0 0 300 . 00
29 250 . 0 0 360 , .50
30 250 . 0 0 52 8 , .75
31 250 . 0 0 607 , . 50
32 250 . 0 0 702 , .50
33 380, . 00 0,. 00
34 380 . 0 0 67, . 00
35 380 . 0 0 127 , . 2 5
36 380 . 0 0 186, . 25
37 380 . 0 0 225 , . 00
38 380 . 0 0 262 , . 50
39 380 . 0 0 30 0 . .00
40 380 . 0 0 360 , .50
41 380 . 0 0 525 , .00
42 380 . 0 0 6 0 3 , . 75
43 380 . 0 0 71 6 , .38
44 500 , .00 0, . 00
45 500 . 00 66, . 00
46 500 . 0 0 118 , .88
47 500 . 0 0 178 . , 75
48 500 . 00 22 1 . .25
49 500 . 00 26 2 . ,50
50 500 . 0 0 30 0 . .00
51 500 . 00 3 6 0 , . 50
52 500 . 00 51 7 . .00
53 5 00 . 00 60 0 . ,00
54 500 . 00 7 0 4 . ,50
55 637 , . 50 0.. 00
56 637, . 50 65. . 00
57 637 . 50 118 . .00
58 6 37 . 50 17 2 . .25
59 637 . 50 2 1 3 . . 75
60 6 37 . 50 26 2 . .50
61 6 37 . 50 30 0 . ,00
62 637 . 50 36 0 . .50
63 637, . 50 5 1 0 . ,00
64 637, . 50 5 8 8 . ,75
65 6 37 . 50 68 0 . .63
66 75 0 , .00 0. .00
67 750 , .00 64 . .00
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
1 0 0
1 0 1
1 0 2
1 03
10 4
10 5
106
107
108
109
1 1 0
1 1 1
1 1 2
113
114
115
116
117
118
119
120
121
1 22
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
110
7 5 0 . 0 0 1 1 5 . 5 0
7 5 0 . 0 0 1 6 9 . 5 0
7 5 0 . 0 0 2 1 0 . 2 5
7 5 0 . 0 0 2 6 2 . 5 0
7 5 0 . 0 0 3 0 0 . 0 0
7 5 0 . 0 0 3 6 0 . 5 0
7 5 0 . 0 0 5 0 6 . 2 5
7 5 0 . 0 0 5 8 1 . 2 5
7 5 0 . 0 0 6 5 6 . 7 5
8 8 0 . 0 0 0 . 0 0
8 8 0 . 0 0 6 3 . 0 0
8 8 0 . 0 0 1 1 5 . 2 5
8 8 0 . 0 0 1 6 7 . 7 5
8 8 0 . 0 0 2 0 6 . 2 5
8 8 0 . 0 0 2 6 2 . 5 0
8 8 0 . 0 0 3 0 0 . 0 0
8 8 0 . 0 0 3 6 0 . 5 0
8 8 0 . 0 0 5 0 2 . 5 0
8 8 0 . 0 0 5 6 8 . 1 3
8 8 0 . 0 0 6 4 5 . 2 5
1 0 0 0 . 0 0 0 . 0 0
1 0 0 0 . 0 0 6 2 . 0 0
1 0 0 0 . 0 0 1 1 2 . 5 0
1 0 0 0 . 0 0 1 6 5 . 0 0
1 0 0 0 . 0 0 2 0 2 . 5 0
1 0 0 0 . 0 0 2 6 2 . 5 0
1 0 0 0 . 0 0 3 0 0 . 0 0
1 0 0 0 . 0 0 3 6 0 . 5 0
1 0 0 0 . 0 0 5 0 1 . 0 0
1 0 0 0 . 0 0 5 6 2 . 5 0
1 0 0 0 . 0 0 6 3 0 . 0 0
1 0 7 0 . 0 0 0 . 0 0
1 0 7 8 . 5 0 6 2 . 0 0
1 0 8 0 . 7 5 1 1 2 . 5 0
1 0 8 4 . 8 8 1 6 1 . 2 5
1 0 8 6 . 5 0 1 9 8 . 0 0
1 0 9 1 . 7 5 2 6 2 . 5 0
1 0 9 4 . 0 0 3 0 0 . 0 0
1 1 0 2 . 7 5 3 6 0 . 5 0
1 1 1 5 . 5 0 4 9 5 . 0 0
1 1 1 9 . 8 8 5 5 1 . 2 5
1 1 2 3 . 0 0 6 1 5 . 0 0
1 1 2 2 . 0 0 0 . 0 0
1 1 2 6 . 5 0 6 8 . 0 0
1 1 2 9 . 7 5 1 1 6 . 2 5
1 1 3 4 . 8 8 1 7 7 . 0 0
1 1 3 7 . 5 0 2 1 3 . 7 5
1 1 4 0 . 7 5 2 6 2 . 5 0
1 1 4 4 . 0 0 3 0 0 . 0 0
1 1 4 8 . 7 5 3 6 0 . 5 0
1 1 5 9 . 5 0 513 . 7 5
1 1 6 2 . 8 8 5 6 2 . 5 0
1 1 6 4 . 0 0 6 0 5 . 6 3
1 2 5 0 . 0 0 0 . 0 0
1 2 5 0 . 0 0 6 8 . 0 0
1 2 5 0 . 0 0 1 0 8 . 7 5
1 2 5 0 . 0 0 1 6 8 . 7 5
1 2 5 0 . 0 0 2 0 6 . 2 5
1 2 5 0 . 0 0 2 6 2 . 5 0
1 2 5 0 . 0 0 3 0 0 . 0 0
1 2 5 0 . 0 0 3 6 0 . 5 0
1 2 5 0 . 0 0 5 0 6 . 2 5
1 2 5 0 . 0 0 5 5 8 . 7 5
1 2 5 0 . 0 0 6 0 0 . 8 8
1 3 8 5 . 0 0 0 . 0 0
1 3 8 5 . 0 0 6 3 . 0 0
1 3 8 5 . 0 0 1 0 3 . 1 3
1 3 8 5 . 0 0 1 6 5 . 0 0
1 3 8 5 . 0 0 2 0 2 . 5 0
1 3 8 5 . 0 0 2 6 2 . 5 0
1 3 8 5 . 0 0 3 0 0 . 0 0
1 3 8 5 . 0 0 3 6 0 . 5 0
1 3 8 5 . 0 0 5 0 4 . 3 8
1 3 8 5 . 0 0 5 5 3 . 1 3
1 3 8 5 . 0 0 5 9 1 . 2 5
1 5 0 0 . 0 0 0 . 0 0
1 5 0 0 . 0 0 6 1 . 0 0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
111
145 1 5 0 0 . 0 0 9 6 . 7 5
146 1 5 0 0 . 0 0 1 6 1 . 2 5
147 1 5 0 0 . 0 0 1 9 8 . 7 5
148 1 5 0 0 . 0 0 2 6 2 . 5 0
149 1 5 0 0 . 0 0 3 0 0 . 0 0
150 1 5 0 0 . 0 0 3 6 0 . 5 0
151 1 5 0 0 . 0 0 4 9 6 . 8 8
152 1 5 0 0 . 0 0 5 4 7 . 5 0
153 1 5 0 0 . 0 0 5 9 0 . 6 3
154 1 6 2 5 . 0 0 0 . 0 0
155 1 6 2 5 . 0 0 5 5 . 5 0
156 1 6 2 5 . 0 0 9 0 . 0 0
157 1 6 2 5 . 0 0 1 5 3 . 7 5
158 1 6 2 5 . 0 0 1 9 1 . 2 5
159 1 6 2 5 . 0 0 2 6 2 . 5 0
160 1 6 2 5 . 0 0 3 0 0 . 0 0
161 1 6 2 5 . 0 0 3 6 0 . 5 0
162 1 6 2 5 . 0 0 4 9 1 . 2 5
163 1 6 2 5 . 0 0 5 3 6 . 2 5
164 1 6 2 5 . 0 0 5 8 1 . 2 5
165 1 7 5 0 . 0 0 0 . 0 0
166 1 7 5 0 . 0 0 5 0 . 0 0
167 1 7 5 0 . 0 0 8 6 . 2 5
168 1 7 5 0 . 0 0 1 5 0 . 0 0
169 1 7 5 0 . 0 0 1 8 7 . 5 0
170 1 7 5 0 . 0 0 2 6 2 . 5 0
171 1 7 5 0 . 0 0 3 0 0 . 0 0
172 1 7 5 0 . 0 0 3 6 0 . 5 0
173 1 7 5 0 . 0 0 4 8 6 . 7 9
174 1 7 5 0 . 0 0 5 2 9 . 4 4
175 1 7 5 0 . 0 0 5 7 0 . 0 1
176 0 . 0 0 6 5 5 . 5 0
177 0 . 0 0 4 5 3 . 0 0
178 1 0 0 . 0 0 4 5 0 . 0 0
179 2 5 0 . 0 0 4 4 7 . 0 0
180 3 8 0 . 0 0 4 4 4 . 0 0
181 5 0 0 . 0 0 4 4 1 . 0 0
182 6 3 7 . 5 0 4 3 8 . 0 0
183 7 5 0 . 0 0 4 3 6 . 0 0
184 8 8 0 . 0 0 4 3 4 . 0 0
185 1 0 0 0 . 0 0 4 3 2 . 0 0
186 1 1 1 0 . 0 0 4 3 0 . 0 0
187 1 1 5 2 . 0 0 4 3 0 . 0 0
1 88 1 2 5 0 . 0 0 4 3 0 . 0 0
189 1 3 8 5 . 0 0 4 3 0 . 0 0
190 1 5 0 0 . 0 0 4 3 0 . 0 0
191 1 6 2 5 . 0 0 4 3 0 . 0 0
192 1 7 5 0 . 0 0 4 3 0 . 0 0
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 1 11 12
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 2 12 13
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 3 13 14
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 4 14 15
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 5 15 16
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 6 16 17
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 7 17 18
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 177 178 19
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 9 19 20
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 11 22 23
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 12 23 24
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 13 24 25
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 14 25 26
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 15 26 27
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 16 27 28
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 17 28 29
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 178 179 30
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 19 30 31
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 20 31 32
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 22 33 34
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 23 34 35
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 24 35 36
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 25 36 37
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 26 37 38
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 27 38 39
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 28 39 40
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 179 180 41
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 30 41 42
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 31 42 43
2
3
4
5
6
7
8
9
10
12
13
14
15
16
17
18
19
20
21
23
24
25
26
27
28
29
30
31
32
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
10 0
101
10 2
103
104
105
106
112
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 33 44 45
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 34 45 46
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 35 46 47
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 36 47 48
0 . 00 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 37 48 49
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 38 49 50
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 39 50 51
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 180 181 52
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 41 52 53
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 42 53 54
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 44 55 56
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 45 56 57
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 46 57 58
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 47 58 59
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 48 59 60
0 . 0 1 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 49 60 61
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 50 61 62
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 181 182 63
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 52 63 64
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 53 64 65
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 55 66 67
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 56 67 68
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 57 68 69
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 58 69 70
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 59 70 71
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 60 71 72
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 61 72 73
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 182 183 74
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 63 74 75
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 64 75 76
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 66 77 78
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 67 78 79
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 68 79 80
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 69 80 81
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 70 81 82
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 71 82 83
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 72 83 84
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 183 184 85
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 74 85 86
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 75 86 87
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 77 88 89
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 78 89 90
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 79 90 91
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 80 91 92
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 81 92 93
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 82 93 94
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 83 94 95
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 184 1 8 5 96
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 85 96 97
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 86 97 98
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 88 99 100
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 89 100 101
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 90 101 102
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 91 102 103
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 92 103 104
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 93 104 105
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 94 105 106
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 185 186 107
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 96 107 108
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 97 108 109
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 99 110 111
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 100 111 112
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 101 112 113
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 102 113 114
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 103 114 115
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 5 0 0 0 0 0 104 115 116
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 105 116 117
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 186 187 118
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 5 0 0 0 0 0 107 118 119
0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 5 0 0 0 0 0 108 119 120
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 110 121 122
0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 111 122 123
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 112 123 124
0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 113 124 125
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 114 125 126
0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 115 126 127
0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 116 127 128
34
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
51
52
53
54
56
57
58
59
60
61
62
63
64
65
67
68
69
70
71
72
73
74
75
76
78
79
80
81
82
83
84
85
86
87
89
90
91
92
93
94
95
96
97
98
10 0
101
1 02
103
104
105
106
107
108
109
111
112
113
114
115
116
117
113
107 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 187 188 129 118
108 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 118 129 130 119
109 0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 119 130 131 120
110 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 121 132 133 122
111 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 122 133 134 123
112 0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 123 134 135 124
113 0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 124 135 136 125
114 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 125 136 137 126
115 0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 126 137 138 127
116 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 127 138 139 128
117 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 188 189 140 129
118 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 129 140 141 130
119 0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 130 141 142 131
120 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 132 143 144 133
121 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 133 144 145 134
122 0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 134 145 146 135
123 0 . 00 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 135 146 147 136
124 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 136 147 148 137
125 0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 137 148 149 138
126 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 138 149 150 139
127 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 189 190 151 140
128 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 140 151 152 141
129 0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 141 152 153 142
130 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 143 154 15 5 144
131 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 144 155 156 145
132 0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 145 156 157 146
133 0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 146 157 158 147
134 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 147 158 159 148
135 0 . 0 0 0 . 0 0 5 9 0 0 0 0 . 0 0 5 9 0 0 0 148 159 160 149
136 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 149 160 161 150
137 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 190 191 162 151
138 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 151 162 163 152
139 0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 152 163 164 153
140 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 154 165 166 155
141 0 . 0 0 0 . 0 0 2 0 0 0 0 0 . 0 0 2 0 0 0 0 155 166 167 156
142 0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 156 167 168 157
143 0 . 0 0 0 . 0 0 3 0 0 0 0 0 . 0 0 3 0 0 0 0 157 168 169 158
144 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 158 169 170 159
145 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 159 170 171 160
146 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 160 171 172 161
147 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 191 192 173 162
148 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 5 0 0 0 162 173 174 163
149 0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 163 17 4 175 164
150 0 . 0 0 0 . 0 0 7 5 0 0 0 0 . 0 0 6 3 0 0 0 10 20 21 176
151 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 8 18 178 177
152 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 18 29 179 178
153 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 29 40 180 179
154 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 40 51 181 180
155 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 51 62 182 181
156 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 62 73 183 182
157 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 73 84 184 183
158 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 84 95 185 184
159 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 95 106 186 185
160 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 106 117 187 186
161 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 117 128 188 187
162 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 128 139 189 188
163 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 139 150 190 189
164 0 . 0 0 0 . 0 0 5 0 0 0 0 0 . 0 0 5 0 0 0 0 150 161 191 190
165 0 . 0 0 0 . 0 0 5 0 0 0 0
1
11
22
33
44
55
66
77
88
99
110
121
132
143
154
165
0 . 0 0 5 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
7 9 1 . 0 0 0 0 0
161 172 192 191
HERD
CONC
114
- 0 . 0 0 0 1 0 150
- 0 . 0 0 0 1 0 19
- 0 . 0 0 0 1 0 29
- 0 . 0 0 0 1 0 39
- 0 . 0 0 0 1 0 49
- 0 . 0 0 0 1 0 59
- 0 . 0 0 0 1 0 69
- 0 . 0 0 0 1 0 79
- 0 . 0 0 0 1 0 89
- 0 . 0 0 0 1 0 99
- 0 . 0 0 0 1 0 109
- 0 . 0 0 0 1 0 119
- 0 . 0 0 0 1 0 129
- 0 . 0 0 0 1 0 139
- 0 . 0 0 0 1 0 149
0 . 0 0 0 0 0 140
0 . 0 0 0 0 0 141
0 . 0 0 0 0 0 142
0 . 0 0 0 0 0 143
0 . 0 0 0 0 0 144
0 . 0 0 0 0 0 145
0 . 0 0 0 0 0 146
0 . 0 0 0 0 0 165
0 . 0 0 0 0 0 147
0 . 0 0 0 0 0 148
0 . 0 0 0 0 0 149
0 . 0 0 0 0 0 1
0 . 0 0 0 0 0 2
0 . 0 0 0 0 0 3
0 . 0 0 0 0 0 4
0 . 0 0 0 0 0 5
0 . 0 0 0 0 0 6
0 . 0 0 0 0 0 7
0 . 0 0 0 0 0 151
0 . 0 0 0 0 0 8
0 . 0 0 0 0 0 9
0 . 0 0 0 0 0 150
HFLX
CFLX
2
2
2
2
2
2
2
2
2
2
2
4
4
4
4
4
4
4
4
4
4
4
PARAMETER FILE FOR SAVANNAH RIVER SITE
File used for graphical display, without Cray optimization
Parameter File for Gwadapt2d 
********************************************************************
FILENAMES INFORMATION
★ * * * * * * * * * * * * it * ★ * * ** * * * * * * * * * * * * * * ** * * * * * ★ * * * * * * * * ** * * * ★ ** * * * ** * * * * ★
ground.dat Mesh Filename
ground.out Solution Filename
ground.rst Restart Filename
NUMERICAL METHOD
★  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  * *  ★  *  *  *  *  *  *  *  *  ★  *  Hr *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  ★  *
4 No. Gauss Points
4 No. Nodes/Element
0 Echo Input File(0/1)
0 Restart File(0/1)
10 Residual Print Interval
3650 Max No. Iterations (days)
10.00 Time Step (days)
0.20 Time Step Safety Factor
MATERIAL PROPERTIES AND COEFFICIENTS 
********************************************************************
20.00 Longitudinal Dispersion Coef. (m''2/day)
2.00 Transverse Dispersion Coef. (m^/day)
0.00000001 Molecular Diffusion Coef. (m~2/day)
1.00 Longitudinal Tortuosity Factor
0.50 Transverse Tortuosity Factor
0.35 Porosity
1.00 Retardation Factor
0.00 Radioactive Decay Constant
0.00 Biodegradation Coef.
0.00 Volatization Coef.
0.00 Precipitation Coef.
1. 00 Homogeneous Saturated Thickness (m)
MESH ADAPTATION PARAMETERS 
****************************************************************
1 Mesh Adaptation(0 / 1 )
2 Max No. Levels
50000 Max No. Refinements
.7 Upper Refinement Factor
.2 Lower Refinement Factor
50 Minimum Adaptation Interval
GRAPHICS DISPLAY PARAMETERS
******************************************************************** 
lincoln.nscee.edu Address of SGI terminal being used
5 Graphics Print Interval
3 Graphics Display)0-3)
0-None
1-Mesh
2-Solution
3-Mesh & Solution
***** n otes *****
A VALUE OF 0=NO AND A 1=YES
THE INPUT LINES ABOVE MUST HAVE THE FOLOWING FORMAT: 
________________________= VALUE
117
INPUT FILE FOR SAVANNAH RIVER SITE
2D SAVAN F-BASN DATA
306 272
1 10 . 0 0 0 . 0 0
2 1 0 . 0 0 7 . 0 0
3 1 0 . 0 0 1 2 . 0 0
4 1 0 . 0 0 1 6 . 0 0
5 1 0 . 0 0 2 0 . 0 0
6 1 0 . 0 0 2 3 . 5 0
7 1 0 . 0 0 2 7 . 0 0
8 1 0 . 0 0 3 0 . 0 0
9 1 0 . 0 0 3 2 . 0 0
10 1 0 . 0 0 3 4 . 0 0
11 1 0 . 0 0 3 6 . 0 0
12 1 0 . 0 0 3 8 . 0 0
13 1 0 . 0 0 4 0 . 0 0
14 1 0 . 0 0 4 2 . 0 0
15 1 0 . 0 0 4 4 . 0 0
16 1 0 . 0 0 4 6 . 0 0
17 1 0 . 0 0 4 8 . 0 0
18 1 0 . 0 0 5 0 . 0 0
19 3 0 . 0 0 0 . 0 0
20 3 0 . 0 0 7 . 0 0
21 3 0 . 0 0 1 2 . 0 0
22 3 0 . 0 0 1 6 . 0 0
23 3 0 . 0 0 2 0 . 0 0
24 3 0 . 0 0 2 3 . 5 0
25 3 0 . 0 0 2 7 . 0 0
26 3 0 . 0 0 3 0 . 0 0
27 3 0 . 0 0 3 2 . 0 0
28 3 0 . 0 0 3 4 . 0 0
29 3 0 . 0 0 3 6 . 0 0
30 3 0 . 0 0 3 8 . 0 0
31 3 0 . 0 0 4 0 . 0 0
32 3 0 . 0 0 4 2 . 0 0
33 3 0 . 0 0 4 4 . 0 0
34 3 0 . 0 0 4 6 . 0 0
35 3 0 . 0 0 4 8 . 0 0
36 3 0 . 0 0 5 0 . 0 0
37 5 0 . 0 0 0 . 0 0
38 5 0 . 0 0 7 . 0 0
39 5 0 . 0 0 1 2 . 0 0
40 5 0 . 0 0 1 6 . 0 0
41 5 0 . 0 0 2 0 . 0 0
42 5 0 . 0 0 2 3 . 5 0
43 5 0 . 0 0 2 7 . 0 0
44 5 0 . 0 0 3 0 . 0 0
45 5 0 . 0 0 3 2 . 0 0
46 5 0 . 0 0 3 4 . 0 0
47 5 0 . 0 0 3 6 . 0 0
48 5 0 . 0 0 3 8 . 0 0
49 5 0 . 0 0 4 0 . 0 0
50 5 0 . 0 0 4 2 . 0 0
51 5 0 . 0 0 4 4 . 0 0
52 5 0 . 0 0 4 6 . 0 0
53 5 0 . 0 0 4 8 . 0 0
54 5 0 . 0 0 5 0 . 0 0
55 7 1 . 0 0 0 . 0 0
56 7 1 . 0 0 7 . 0 0
57 7 1 . 0 0 1 2 . 0 0
58 7 1 . 0 0 1 6 . 0 0
59 7 1 . 0 0 2 0 . 0 0
60 7 1 . 0 0 2 3 . 5 0
61 7 1 . 0 0 2 7 . 0 0
62 7 1 . 0 0 3 0 . 0 0
63 7 1 . 0 0 3 2 . 0 0
64 7 1 . 0 0 3 4 . 0 0
65 7 1 . 0 0 3 6 . 0 0
66 7 1 . 0 0 3 8 . 0 0
67 7 1 . 0 0 4 0 . 0 0
68 7 1 . 0 0 4 2 . 0 0
69 7 1 . 0 0 4 4 . 0 0
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
1 0 0
1 0 1
1 0 2
103
104
105
106
107
108
109
1 1 0
11 1
1 1 2
113
114
115
116
117
118
119
12 0
1 2 1
1 2 2
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
118
7 1 . 00 4 6 . 00
7 1 . 00 4 8 . 00
7 1 . 00 5 0 . 00
9 2 . 00 0 . 00
9 2 . 00 7 . 00
9 2 . 00 1 2 . 00
9 2 . 00 1 6 . 00
9 2 . 00 2 0 . 00
9 2 . 00 2 3 . 50
9 2 . 00 2 7 . 00
9 2 . 00 3 0 . 00
9 2 . 00 3 2 . 50
9 2 . 00 3 5 . 00
9 2 . 00 3 7 . 25
9 2 . 00 3 9 . 50
9 2 . 00 4 1 . 75
9 2 . 00 4 4 . 00
9 2 . 00 4 6 . 25
9 2 . 00 4 8 . 50
9 2 . 00 5 0 . 75
9 2 . 00 5 3 . 00
1 1 3 . 00 0 . 00
1 1 3 . 00 7 . 00
1 1 3 . 00 1 2 . 00
1 1 3 . 00 1 6 . 00
1 1 3 . 00 2 0 . 00
1 1 3 . 00 2 3 . 50
1 1 3 . 00 2 7 . 00
1 1 3 . 00 3 0 . 00
1 1 3 . 00 3 3 . 00
113 . 00 36 . 00
113 . 00 38 . 50
113 . 0 0 41 . 00
113 . 00 43 . 5 0
113 . 00 46 . 0 0
113 . 00 48 . 50
113 . 00 51 . 0 0
113 . 0 0 53 . 5 0
113 . 00 56 . 0 0
135 . 00 0 . 0 0
135 . 00 7 . 0 0
135 . 0 0 12 . 0 0
135 . 00 16 . 00
135 . 00 20 . 00
135 . 00 23 . 5 0
135 . 0 0 27 . 0 0
135 . 00 30 . 0 0
135 . 00 33 . 5 0
135 . 00 37 . 0 0
135 . 00 39 . 7 5
135 . 00 42 . 5 0
135 . 00 45 . 2 5
135 . 0 0 48 . 0 0
135 . 00 50 . 7 5
135 . 00 53 . 5 0
135 . 0 0 56 . 2 5
135 . 00 59 . 0 0
158 . 00 0 . 0 0
158 . 0 0 7 . 0 0
158 . 0 0 12 . 0 0
158 . 0 0 16 . 0 0
158 . 00 20 . 0 0
158 . 0 0 23 . 5 0
158 . 0 0 27 . 0 0
158 . 0 0 30 . 0 0
158 . 00 34 . 0 0
158 . 0 0 38 . 0 0
158 . 0 0 41 . 0 0
158 . 0 0 44 . 0 0
158 . 00 47 . 0 0
158 . 00 50 . 0 0
158 . 0 0 53 . 0 0
158 . 0 0 56 . 0 0
158 . 0 0 59 . 0 0
158 . 00 62 . 0 0
183 . 0 0 0 . 0 0
183 . 0 0 7 . 0 0
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
2 0 0
2 0 1
2 0 2
203
204
205
206
207
208
209
2 1 0
2 11
2 12
213
214
215
216
217
218
219
2 2 0
2 2 1
2 2 2
223
119
183 . 0 0 12 .00
183 . 0 0 16 .00
183 . 0 0 20 .00
183 . 0 0 23 .50
183 . 0 0 27 .00
183 . 0 0 30 .00
183 . 0 0 34 . 2 5
183 . 0 0 38 . 50
183 . 0 0 42 .00
183 . 0 0 45 . 50
183 . 0 0 49 .00
183 . 0 0 52 .50
183 . 0 0 56 .00
183 . 0 0 59 .50
183 . 0 0 63 . 00
183 . 0 0 66 .50
209, . 0 0 0 .00
209 ,. 00 7 .00
209 . 0 0 12 .00
209 . 0 0 16 . 00
209 . 0 0 20 .00
209 . 0 0 23 .50
209, . 0 0 27 .00
209, . 0 0 30 .00
209 . 0 0 34 . 50
209 . 0 0 39 . 00
209 . 0 0 43 .00
209, . 0 0 47 .00
209, . 0 0 51,. 00
209 . 0 0 55 .00
209, . 0 0 59 . 00
209, . 0 0 63 .00
209, . 0 0 67,. 00
209, . 00 71, .00
2 37 , . 00 0 . 00
2 37 , . 00 7 .00
237, . 0 0 12 .00
237, . 00 16,. 00
237 ,. 00 20, . 00
237, . 0 0 23 . 50
237, . 0 0 27, .00
237, . 00 30,. 00
237, . 00 34, .75
2 37 , . 00 39 ,.50
237, . 00 44,. 00
237, . 00 48, .50
237, . 00 53, .00
2 37 , . 00 57, .50
2 37 . .00 62, .00
237, . 00 66, . 50
2 37 . . 00 71, .00
2 37 , . 00 75, .50
26 5 . .00 0..00
2 6 5 . .00 7..00
2 65 , . 00 12. .00
2 65 , .00 16,.00
2 65 , . 00 20. .00
26 5 . .00 23. .50
26 5 . ,00 27. .00
2 65 , . 00 30. .00
2 65 , .00 35. .00
26 5 . ,00 40. ,00
26 5 . .00 45 . .00
26 5 . ,00 50 . .00
2 65 , ,00 55. .00
2 65 . ,00 60. .00
26 5 . ,00 65. .00
26 5 . .00 70 . .00
26 5 . .00 75 . .00
26 5 . ,00 80. .00
3 2 5 . ,00 0.,00
3 2 5 . ,00 7. .00
3 2 5 . .00 12. .00
3 2 5 . ,00 16. ,00
32 5 . .00 20. .00
3 2 5 . ,00 23 . .50
3 2 5 . ,00 27 . ,00
224
2 25
226
227
228
2 29
230
231
232
233
234
23 5
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
25 4
2 55
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
120
325 .00 30, .00
325 .00 35, . 00
325 .00 40, . 00
325 . .00 45, . 00
325 , .00 50, .00
325 . 0 0 55, . 00
325 .00 60, .00
325 .00 65, . 00
325, . 00 70, . 00
325, .00 75, .00
325 .00 80, . 00
357 ,.00 0,. 00
35 7 , .00 7,. 00
357 ,. 00 12, .00
357 .00 16, . 00
357 .00 20, .00
357 .00 23, . 50
357 .00 27, .00
357 , .00 30, .00
357 . 0 0 35 .00
357 . 0 0 40, . 00
357 .00 45, .00
357, .00 50, . 00
357 , .00 55, .00
357 . 0 0 60, .00
357, . 0 0 65, . 00
357, .00 70, . 00
357 ,. 00 75, .00
357 ,.00 80, .00
425 , .00 0,. 00
425 , .00 7,.00
425, . 00 12,.00
425, .00 16, ,00
425 , .00 20, .00
425, .00 23, . 50
425, . 00 27, .00
425, .00 30, .00
425, . 00 35, .00
425 , .00 40. .00
425, . 00 45, .00
425, .00 50, .00
425, .00 55, .00
425 , .00 60, ,00
425 , .00 65. ,00
425, .00 70, .00
425, .00 75, .00
425 , .00 80, .00
295 . .00 0, .00
29 5 . .00 7, .00
295, . 00 12, .00
295, .00 16. .00
295. .00 20. .00
295 . .00 23. .50
295 , .00 27, ,00
295, .00 30, .00
295 . .00 35. .00
295 , .00 40. .00
295 . .00 45, .00
295 . .00 50 , .00
295 , .00 55. .00
295 . .00 60. ,00
295 . .00 65. .00
295 . ,00 70 . .00
295 , .00 75 , .00
295 . .00 80. .00
39 0 . ,00 0, .00
3 9 0 . ,00 7. .00
39 0 . .00 12. ,00
390 , .00 16, .00
390 . .00 20. ,00
39 0 . ,00 23. .50
39 0 . .00 27 . .00
39 0 . ,00 30 . ,00
390 . .00 35. .00
390 . ,00 40 . .00
39 0 . .00 45 . ,00
39 0 . .00 50 . ,00
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
121
301 390 , . 00 55, . 00
302 39 0 , . 00 60, .00
303 39 0 , . 00 65. .00
3 04 39 0 . .00 70. .00
305 39 0 , . 00 75, .00
306 390  ,. 00 80, .00
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 1 19 20
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 2 20 21
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 3 21 22
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 4 22 23
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 5 23 24
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 6 24 25
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 7 25 26
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 8 26 27
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 9 27 28
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 10 28 29
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 11 29 30
0 . 00 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 12 30 31
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 13 31 32
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 14 32 33
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 15 33 34
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 16 34 35
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 17 35 36
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 19 37 38
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 20 38 39
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 21 39 40
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 22 40 41
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 23 41 42
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 24 42 43
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 25 43 44
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 26 44 45
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 27 45 46
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 28 46 47
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 29 47 48
0 . 00 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 30 48 49
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 31 49 50
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 32 50 51
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 33 51 52
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 34 52 53
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 35 53 54
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 37 55 56
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 38 56 57
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 39 57 58
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 40 58 59
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 41 59 60
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 42 60 61
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 43 61 62
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 44 62 63
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 45 63 64
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 46 64 65
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 47 65 66
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 48 66 67
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 49 67 68
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 50 68 69
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 51 69 70
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 52 70 71
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 53 71 72
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 55 73 74
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 56 74 75
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 57 75 76
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 58 76 77
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 59 77 78
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 60 78 79
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 61 79 80
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 62 80 81
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 63 81 82
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 64 82 83
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 65 83 84
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 66 84 85
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 67 85 86
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 68 86 87
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 69 87 88
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 70 88 89
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 71 89 90
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 73 91 92
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 74 92 93
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 75 93 94
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
74
75
76
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
1 0 0
101
1 0 2
103
104
105
1 06
107
108
109
110
111
1 12
113
1 14
115
116
117
118
119
120
1 2 1
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
122
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 76 94 95
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 77 95 96
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 78 96 97
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 79 97 98
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 80 98 99
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 81 99 100
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 82 100 101
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 83 101 1 02
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 84 102 103
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 85 103 1 04
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 86 104 1 05
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 87 105 106
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 88 106 107
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 89 107 108
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 91 109 110
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 92 110 111
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 93 111 112
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 94 112 113
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 95 113 1 1 4
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 96 114 1 15
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 97 115 116
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 98 116 117
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 99 117 118
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 100 118 119
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 101 119 120
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 102 120 121
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 103 121 122
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 104 122 123
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 105 123 124
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 106 124 125
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 107 125 126
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 109 127 128
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 110 128 129
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 111 129 130
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 112 130 131
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 113 131 132
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 114 132 133
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 115 133 134
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 116 134 135
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 117 135 136
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 118 136 137
0 . 00 1 . 1 0 0 0 5 0 0 0 . 0 0 6 0 0 0 0 119 137 138
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 120 138 139
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 121 139 140
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 122 140 141
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 123 141 142
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 124 142 143
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 125 143 144
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 127 145 146
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 128 146 147
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 129 147 148
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 130 148 149
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 131 149 150
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 132 150 151
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 133 151 152
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 134 152 153
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 135 153 154
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 136 154 155
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 137 155 156
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 138 156 157
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 139 157 158
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 140 158 159
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 141 159 160
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 142 160 161
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 143 161 162
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 145 163 164
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 146 164 165
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 147 165 166
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 148 166 167
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 149 167 168
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 150 168 169
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 151 169 170
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 152 170 171
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 153 171 172
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 154 172 173
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 155 173 174
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 156 174 175
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0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 157 1 7 5 176
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 158 176 177
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 159 177 178
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 160 178 179
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 161 179 180
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 163 181 182
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 164 182 183
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 165 183 184
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 166 1 8 4 185
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 167 1 8 5 186
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 168 186 187
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 169 187 188
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 170 188 189
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 171 189 190
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 172 190 191
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 173 191 192
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 174 192 193
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 175 193 1 94
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 176 194 1 95
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 177 195 196
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 178 196 197
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 179 1 97 198
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 181 199 200
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 182 200 201
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 183 201 202
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 184 202 2 03
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 185 203 204
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 186 2 0 4 205
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 187 20 5 206
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 188 206 207
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 189 207 208
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 190 208 209
0 . 00 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 191 209 210
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 192 210 211
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 193 211 212
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 194 212 213
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 195 213 214
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 196 2 14 215
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 197 2 15 216
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 199 271 272
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 200 272 273
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 201 273 274
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 202 274 2 75
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 203 275 276
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 204 276 277
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 205 277 278
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 206 278 279
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 207 279 280
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 208 280 281
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 209 281 282
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 210 282 283
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 211 283 284
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 212 284 285
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 213 285 286
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 214 286 287
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 215 287 288
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 217 235 236
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 218 236 237
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 219 237 238
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 220 238 239
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 221 239 240
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 222 240 241
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 223 241 242
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 224 242 243
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 225 243 244
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 226 244 245
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 227 245 246
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 228 246 247
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 229 247 248
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 230 248 249
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0 231 249 250
1 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 232 250 251
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0 233 251 252
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 235 289 290
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 236 290 291
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0 237 291 292
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0 238 292 293
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0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 2 0 0 0 0 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0 6 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
0 . 0 0 0 . 0 0 0 1 0 0 0 0 . 0 0 0 6 0 0 0
0 . 0 0 1 . 1 0 0 0 0 0 0 0 . 0 0 6 0 0 0 0
18 48 . ,0 0000
36 5 1 . , 0 0000
54 5 2 . 0 0 000
72 5 2 . 0 0 00 0
90 5 2 . 0 0000
108 5 3 . , 00000
126 5 3 . 0 0 00 0
144 5 5 . 5 0000
162 5 7 . 5 0000
180 6 0 . 0 0000
198 6 5 . 0 0 0 00
2 16 7 5 . 0 0000
288 8 0 . 0 0000
2 34 8 1 . 0 0 0 0 0
252 8 2 . 0 0 0 0 0
306 8 3 . 0 0000
270 8 4 . 0 00 0 0
1 4 8 . 0 0 0 0 0
19 5 1 . 0 0 000
37 5 2 . 0 0000
55 5 2 . 0 0000
73 5 2 . 0 00 0 0
91 5 3 . 0 0000
109 5 3 . 0 0 000
127 5 5 . 5 0000
145 5 7 . 5 0 000
163 6 0 . 0 0000
181 6 5 . 0 0000
199 7 5 . 0 0000
271 8 0 . 0 0000
239 293 294 240
240 2 9 4 295 241
241 295 296 242
242 296 297 243
243 297 298 244
244 298 299 245
245 299 300 246
246 300 301 247
247 301 302 248
248 302 303 249
249 303 304 250
250 304 305 251
251 305 306 252
271 217 218 272
272 218 219 273
273 219 220 274
274 220 221 275
275 221 222 276
276 222 223 277
277 223 224 278
278 2 24 225 279
279 225 226 280
280 226 227 281
281 227 228 282
282 228 229 283
283 229 230 284
284 230 231 285
285 231 232 286
286 232 233 287
287 233 234 288
289 253 254 290
290 254 2 5 5 291
291 25 5 256 292
292 256 257 293
293 257 258 294
294 258 259 295
295 259 260 296
296 260 261 297
297 261 262 298
298 262 263 299
299 263 264 300
300 264 2 6 5 301
301 265 266 302
302 266 267 303
303 267 268 304
304 268 269 305
305 269 270 306
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HEAD
CONC
HFLX
CFLX
2X7 8 1 . 0 0 0 0 0
2 35  8 2 . 0 0 0 0 0
289 8 3 . 0 0 0 0 0
253 8 4 . 0 0 0 0 0
0 . 0 0 0 0 0  256  2
0 . 0 0 0 0 0  257  2
0 . 0 0 0 0 0  258  2
0 . 0 0 0 0 0  259  2
0 . 0 0 0 0 0  260  2
0 . 0 0 0 0 0  261 2
0 . 0 0 0 0 0  262  2
0 . 0 0 0 0 0  263  2
0 . 0 0 0 0 0  264  2
0 . 0 0 0 0 0  2 65  2
0 . 0 0 0 0 0  266  2
0 . 0 0 0 0 0  267  2
0 . 0 0 0 0 0  2 68  2
0 . 0 0 0 0 0  269  2
0 . 0 0 0 0 0  270  2
0 . 0 0 0 0 0  271  2
0 . 0 0 0 0 0  272  2
0 . 0 0 0 0 0  1 4
0 . 0 0 0 0 0  2 4
0 . 0 0 0 0 0  3 4
0 . 0 0 0 0 0  4 4
0 . 0 0 0 0 0  5 4
0 . 0 0 0 0 0  6 4
0 . 0 0 0 0 0  7 4
0 . 0 0 0 0 0  8 4
0 . 0 0 0 0 0  9 4
0 . 0 0 0 0 0  10 4
0 . 0 0 0 0 0  11 4
0 . 0 0 0 0 0  12 4
0 . 0 0 0 0 0  13 4
0 . 0 0 0 0 0  14 4
0 . 0 0 0 0 0  15 4
0 . 0 0 0 0 0  16 4
0 . 0 0 0 0 0  17 4
1 . 0 0 0 0 0  17 3
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GW ADAPT FLOW CHART
Brief description of subroutines:
I NIT Read in problem parameters and geometry.
GUASS Assigns shape functions to elements, sets up 2x2 system
BNDCON Processes boundary conditions and assigns fluxes.
MATSET Constructs [M] using mass lumping
STIFF Construct [K] matrix for fluid flow equation
CHOLESKY ‘Skyline’ matrix solver.
SITRSOL conjugate gradient solver and preparatory routine.
VELOCITY Sets velocity components for the problem domain
ELEMENT Calculate Petrov-Galerkin mesh length parameters and weighting
function
ASSEMB Assemble transport equation matrixes
STABILITY Find Courant Safety Factor. Stability limits for advection and 
diffusion.
SOLVE Solves contaminant transport quadrature systems
RESID Determines if steady state has been reached or the maximum number
of days requested, stops simulation.
ADAPT Set of routines that completely control the adaption of the problems
mesh
DISPLAY Set of routines that completely control the screen display of the
simulation.
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M AIN
Flowchart for 
GWADAPT
STOP
GAUSS
RESID
I NIT
SOLVE
restart opt.
ASSEMB
MATSET
DISPLAY
BNDCON
VELOCITY
STIFF
ADAPT
ELEMENT
CHOLESKY SITRSOL
STABILITY
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ADAPT2D FLOW CHART
Subroutine descriptions:
INIT_MESH_ADAPT
ADAPT_SWITCH 
FIND_ELEM_TO_DI VIDE
DIVIDE_ELEM
FIND_ELEM_TO_RECOVER
RECO V ER_ELEM 
ELIMINATE_HOLES 
HND_VIRTUAL_NODES 
VIRTUAL_NODES_CALCULATE
Set all adaption information to zero, define 
adjacent elements.
Set refinement indicator
Check upper threshold, sort all child
elements in ascending order.
Perform adaption
Check lower threshold, sort recovered 
elements in descending order, check level to 
see if unadaption is possible.
Perform unadaption 
Hag holes
Define virtual nodes in unrefined elements. 
Assign values to found virtual nodes
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^  M AIN
INIT MESH ADAPT
MESH SAVE
I
ADAPT_SWITCH
I
FIND EL TO DIVIDE
X
DIVIDE_ELEM
HND_ELTO_RECOV
FIND VIRTUAL NODES
Flowchart for 
ADAPT2D
Routines from 
jGWADAPT main
\
/  h .
RECO V ER_ELEM / MATSET1 //
[
1
ELIMINATE HOLES ELEMENT\\ 1
\ ASSEMB
\
\ V
/
VIRT NODES CALC
M 5
RETURN
I NIT_GRA PHI CS_SCALE
APPENDIX E: NON-ORTHOGONAL SHAPE FUNCTIONS
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T1
5 ^
Figure 16 - Diagram of quadrilateral element.
The standard shape functions are
N, = -  D(1 ~ il)
n 2 = + 1 = )(1  -  T])
N 3 = i (l + | ) ( 1  + r\)
n 4 = *<• -  i ) ( i  + ri)
where 1= and rj are the orthogonal system coordinates, the derivatives become
' a N ; ' " ax dy_' f  a n j ] raisij
31 a § 3x a x
a N ; a x a y aN;
S3 J
aNj
dr] ar] ari . a y . . 5 y  .
where J is the Jacobian. Since,
x = b |  
y = ari
where a and b denote element side lengths, and 
Tb 01
J =
0 a
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the determinant is defined as IJ I = ab, and the inverse is given by 
T_i Adjunct J
=  ~ u r ~
1 1
d x
0T]
d x T  0
1 1 d T| o  1
d y W .
a
Finally, the discretized shape function derivatives can be shown as
f 0 N , ' 0 N j
d x I-1 , 3 1
d N,
— J
d  Nj
. d y  . d  r]
APPENDIX F: HOW TO GET GW ADAPT SOURCE CODE
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The executables and source codes for GWADAPT are available upon request from 
Dr. Darrell W. Pepper at:
mail: Department of Mechanical Engineering 
University of Nevada, Las Vegas 
Las Vegas, NV 89154-4027
email: pepperu@nye.nscee.edu
phone: (702) 895-1056
NOTE: Access to source code is dependent upon permission of Dr. Darrell W. Pepper, the 
approval of Cray Research, Inc., and the approval of the Nuclear Regulatory Committee 
(NRC).
